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MINUTES OF THE SIXTH MEETING OF THE ILLINOIS 

WATER SUPPLY ASSOCIATION. 



The sixth meeting of the Illinois Water Supply Association was 
called to order by President Cobb at 2 P. M. Monday, March 9, 1914, 
in the Lecture Room of Engineering Hall at the University of Illinois. 
President Cobb spoke to the members as follows : 

Members of the Illinois Water Supply Association: This is the 
sixth annual meeting of our association, and thanks to our secretary, 
Dr. Bartow, we keep increasing every year our membership and our 
usefulness to our members. 

I was not present at the time of my election last year so I take this 
opportunity to thank you for the honor conferred upon me. 

I think that the rriost important measure that we can adopt at the 
present meeting will be to become a Section of the American Water 
Works Association as they have kindly invited us. By so doing we 
will not lose our idenity but we will be strengthened by connection 
with the national organization. 

I hope that our present meeting will be as interesting and in- 
structive as past meetings have been. 

The Secretary-Treasurer's report was then presented. 

SECRETARY-TREASURER^S REPORT. 

Even though no special campaign has been made for members 
during the past year a satisfactory increase is noted. The continued 
interest in the Association shown by the water works men of the state 
and by those from other states is gratifying. The following table shows 
the number of members and associates at the time of each meeting 
since the organization of the Association. 



» 


1909 


1910 


191 1 


1912 


1913 


1914 


Members 


37 


116 


158 


183 


240 


264 


Associates 


I 


13 


19 


24 


28 


31 



The numbers shown do not correspond exactly to the number 
of names which will be printed in the Proceedings, as all who join 
at the time of the meeting will be included. During the past year 39 
new members have been elected, 9 have resigned, one member, Mn 
William R. Humphrey, has died, and 6 have been dropped, leaving a 
net membership of 264, 4 associates have been elected, i has resigned^ 
leaving a net associate membership of 31. 
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That the interest in the Association is widespread is shown by 
the fact that now 27 states, 5 foreign countries, the District of Co- | 
lumbia and the Canal Zone are represented in the membership. 

The Proceedings of the fifth meeting have been edited and pub- 
lished. 1350 copies were printed, including 400 copies bound in 
cloth for members, associates and advertisers. Paper bound copies 
have been sent as exchanges to the lUinois Society of Engineers and 
Surveyors and the Indiana Sanitary and Water Supply Association. 
The Proceedings of these societies were sent to members who had 
paid the 19 13 dues prior to May ist. Unless instructed to the con- 
trary the Secretary will again try to arrange the same exchanges for 
the coming year. With the co-operation of the printer the Proceed- 
ings were issued even earlier than last year, being sent to the mem- 
ibers dtiring the first week in May. Even better arrangements have 
been made for this year and it is hoped that the Proceedings will 
he issued even earlier. Any material not ready on time will be 
omitted. 

Again there has been an increase in the size of the Proceedings. 
The following table shows the number of papers and advertise- 
ments published each year since the founding of the Association : 

No. Papers No. Pages No. Ads No. Pages 

1909 15 188 27 16 

1910 22 218 48 32 

191 1 - 24 194 50 31 

1912 29 260 53 35 

1913 - 41 277 59 42 

Nearly as many advertising contracts are in hand as were printed 
in the Proceedings last year. 

One thousand copies of an announcement compiled from the 
1913 Proceedings were issued and have been distributed to prospective 
advertisers, prospective members and to libraries that might be in- 
terested in' the Proceedings. As a result several orders for the com- 
plete sets of Proceedings have been received and filled. 

The financial statement shows an actual balance of $120.66 com- 
pared with an actual balance of $21.30 a year ago. There still, remains 
unpaid $22.00 advertising and $160 dues from 1913 and preceding 
years, some of which it is hoped will be collected. The balance does 
not include the 1914 dues which have been paid. The amount in the 
treasury March i, 1914, available for expenses following this 1914 
meeting is $370.66 compared with $304.31 available a year ago. 



J 



Minutes of the Sixth Meeting ii 

FINANCIAL statement. 

Balance, for year 1912-13 $ 21.31 

Receipts — 

1913-4, dues, etc. prior to March, 1914 $ 283.00 

Initiation fees — 

Members , 42.00 

Associates 30.00 

Dues,^ Members 1911 2.00 

Members 1912 12.00 

Members 1913 228.00 

Associates 1912 15.00 

Associates 1913 95.00 

Advertising 1911 6.00 

Advertising 1912 10.00 

Advertising 1913 : 375.8o 

Reprints — 63.28 

Sale of Proceedings 45.91 

Miscellaneous 16.60 

Receipts March i, 1913 — March i, 1914 1224.59 

Total '. 1245.90 

Expenditures — 

Postage 55.52 

Express 68.84 

Freight 1.21 

Printing 80.50 

Duplicating 5.45 

Engraving ~ 62.92 

Stenographic and clerical work 65.00 

Printing proceedings 685.42 

Reprints 88.12 

Miscellaneous ^ 12.26 

Total 1125.24 

Balance for year 1913-14 120.66 

Dues, members 1914 .- 180.00 

Dues, associates 1914 70.00 

250.00 

Balance, March i, 1914. '$ 370.66 

The Secretary wishes to acknowledge again assistance given by 
many members of the Association. He wishes to urge that the Asso- 
ciation be brought to the attention of any water works men who are 
not members. The Association needs them and they need the Associa- 
tion. 
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Patronize our advertisers. Complaint has been made by only 
one of those who advertised in the last Proceedings that the invest- 
ttient did not pay. 

Suggestions were made that the members of the Association visit 
the filter plant at Danville or the new plant at Decatur at the time 
of a meeting. The Association is invited to visit Decatur at the close 
of this meeting. 

Suggestions have also been made that a meeting might be held 
in the fall in Chicago or some other place at which the members of 
the Association could get together to informally discuss water problems 
and possibly visit some points of interest. In Chicago the intakes of 
the Chicago city water works and the laboratories and works of the 
Sanitary District would be especially interesting. Let the Secretary 
know your feelings with regard to these matters. 

Edward Bartow, 

Secretary- Treasurer. 

The Chairman appointed Messrs. Frank • Bachmann and C. A. 
Jennings as a committee to consider the Secretary's report and audit 
the accounts. The Committee later presented the following report : 

The Auditing Committee has audited the Secretary's books. 
They are found to be correct and we move that the report be adopted. 

Frank Bachmann, 
C. A. Jennings, 

Committee. 
The recommendation was approved. 

Professor A: N. Talbot, Chairman of the Publication Committee, 
read a report as follows : 

REPORT OF PUBLICATION COMMITTEE. 

The Publication Committee calls the attention of the Society to 
the active and efficient work of the secretary shown in printing and 
distributing the Proceedings of the Fifth Meeting so soon after the 
date of the meeting. The volume contains a large number of valuable 
papers and it is highly creditable to the Society. The Committee wishes 
to put on record that the credit for soliciting papers and editing and 
printing the Proceedings should be given to the secretary. The Com- 
mittee has had much pleasure in approving the secretary's work on 
publications from time to time. 

Respectfully submitted, 

A. N. Talbot, 
W. W. DeBerard, 

Publication Committee. 
The report was accepted. 

Mr. Paul Hansen, Chairman of the Committee on Exhibits, stated 
that the exhibits had been arranged for in the usual way. 
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The secretary read a Report of the executive committee concerning 
amalgamation with the American Water Works Association as follows : 

report of the executive committee, concerning amalgamation 
with the american water works association. 

The American Water Works Association adopted a new con- 
stitution at the meeting in Minneapolis in June, 1913. This constitu- 
tion provides for the formation of local sections as follows : 

Article X. 

Sections, 

Section i. Local Sections may be established by the Executive Committee 
on receipt of a written request to that effect signed by twenty Active or Cor- 
porate Members of the Association, residing in territory within which the Local 
Section is desired. 

Section 3. Such sections shall choose their own officers and committees 
and may make any rules for their government not inconsistent with the con- 
stitution and by-laws ^of the Association, but these rules n:\ust first be approved 
by the Executive Committee. 

Section 4. Each Local Section may receive from the Treasurer of the 
Association, for local use, not more than twenty-five per cent of the annual 
dues paid to the Association by the members of said Local Section. The 
Treasurer of said Local Section shall forward to the Secretary of the Associ- 
ation his application indorsed by the presiding officer of the Section for such 
portions of said sum as. may be needed; and upon receipt of such application 
the Secretary shall request the Finance Committee to authorize the Treasurer of 
the Association to pay such sum to the Treasurer of the Local Section. Said 
sum may be used. by the Local Section only in payment of necessary operating 
expenses incurred by the section, such as printing, stationery, postage, rent 
and care of room, light, fuel, etc. At the end of each fiscal year the Treasurer 
of each Local Section shall certify to the Secretary of the Association the balance 
on hand of the funds received from the Association. This balance shall be re- 
turned to the Association or shall be charged to the Local Section as a portion 
of its quota for the following year. No Local Section shall be entitled to draw 
upon the Association until such certification has been made, and its accounts 
audited by the Finance Committee. 

Section 5. The presiding officer of each section shall be an Honorary 
Vice-president of the Association. 

Section 6. Any section may be dissolved by the Executive Committee for 
good and sufficient reasons. 

Later action by the Executive Committee provides for the pu)>- 
lication of a quarterly journal in which the proceedings of local sec- 
tions may be published. 

The Illinois Water Supply Association has been invited to become 
a section of the American XVater Works Association. Some of the ad- 
vantages of union are the following: 

Members will receive the Journal of the American Water Works 
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Association which will include papers read before the American Water 
Works Association and all of its sections, National and Local. 

Members will be privileged to attend meetings of the American 
Water Works Association and all of its sections. 

Those who are now members of the Illinois Water Supply Asso- 
ciation' and the American Water Works Association will pay 
only the $5.00 per annum dues of the American Water Works Asso- 
ciation. Members of the Illinois Water Supply Association who are 
not members of the American Water Works Association may join 
the American Water Works Association without payment of the 
membership fee provided they have paid in dues and fees to the 
Illinois Water Supply Association the amount of the membership fee 
($5.00) of the American Water Works Association. 

By becoming a section of the American Water Works Association 
the Illinois Water Supply Association will not lose its identity but 
will be strengthened by connection with the national organization. 

Your Executive Committee recommends that the question of 
becoming a section of the American Water Works Association be 
submitted to a vote of all members and that in case a majority are 
in favor of such action, that your Executive Committee be authorized 
tQ take the necessary steps to become such a section. 

Messrs. Paul Hansen, Dabney H. Maury, and John W. Alvord 
\yere appointed a committee to consider the report. They later pre- 
sented a preliminary report with the recommendation that a report 
be prepared showing the pros and cons of the question and that this 
report be submitted for a letter ballot of the members at a later 
date. After some discussion the report was adopted. 

Walter Reid, Superintendent Water Works, Springfield, read a 
paper entitled "The Efficiency of a Triple Expansion Pumping En- 
gine." 

L. A. Fritze, Chemist Moline Water Dept., Moline, read a paper 
entitled "Removal of Anchor Ice by Means of Air." 

C. M. Roos, Manager Water Company, Cairo, read papers en- 
titled "A Standpipe Failure" and "Experiences Following the Flood of 
1913". The papers were discussed by Messrs. Maury and Langelier. 

C. A. Jennings, Supt. Filtration, Union Stock Yards, Chicago, 
read a paper entitled "Hypochlorite Treatment Now Firmly Estab- 
lished". 

W. J. Allen, Chief Engineer Water Works, Waukegan, read a 
paper entitled "Experiences with the Waukegan Water Supply". It 
was discussed by Messrs. Jennings and Bartow. Adjourned. 

A band concert was given at 4:15 in the University Chapel by 
the University of Illinois Military Band. 
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PROGRAM. 

1. March-^"National Spirit" .„. ^ Hager 

2. Overture — "Raymond" » Thomas 

3. Quartet f rom "Rigoletto" ,. Verdi 

Messrs. Kirby, Rogers^ McClelland and Powers 

4. "Nights of Gladness" ^ncliffe 

5. "By the Swanee River" Myddleton 

6. "Hungarian Rag" Lensherg 

7. "U. S. A. Patrol" ^.....Feck 

The second session was called to order at 7 130 p. m. by Presi- 
dent Cobb. 

John W. Alvord, Consulting Engineer, Chicago, read an illus- 
trated paper entitled "Too Much Water"^. 

Edward E. Wall, Water Commissioner, St. Louis, Mo., read an 
illustrated paper entitled "The St. Louis Rapid Sand Filter Plant". 

Langdon Pearse, Division Engineer, Sanitary District of Chicago, 
read an illustrated paper entitled "Rapid Filter Plant at Evanston„ 
Illinois". Adjourned. 

The third session was called to order at 10 a. m. Tuesday morn- 
ing, by President Cobb. 

C. B. Anderson, Illinois State Geological Survey, Urbana, pre- 
sented a paper entitled "Character of Artesian Well Waters in Chi- 
cago and Vicinity". The paper was discussed by Messrs. Pownall^ 
Bardwell and W. F. Anderson. 

R. C. Bardwell, Chemist, Missouri Pacific Railroad, Kansas City, 
Mo., read a paper entitled "Water Treatment for Railroads". It was 
discussed by Messrs. Ely, Pownall, and Huenink. 

In the absence of Dr. Adolph Gehrmann, his paper entitled "Un- 
derground Movement of Contamination" was read by Dr. T. J. 
Burrill of the University. Dr. Burrill made a few remarks after the 
reading of the paper. 

C. D. Tufts, President Centralia Water Supply Co., Centralia^ 
read a paper entitled "How Centralia's Water Supply was Secured". 

M. L. Enger, Asst. Prof. Theoretical and Applied Mechanics, 
University of Illinois, read a paper entitled "Locating Leaks in Water 
Mains by Means of Water Hammer Diagram". 

J. M. Bryant, Asst. Prof. Electrical Engineering, University of 
Illinois, read a paper entitled "Pumping City Water by Electricity". 

A paper by W. R. Gelston, Supt. Water Works, Quincy, and Dn 
Edward Bartow, Director of the State Water Survey, was read by 
E. Bartow, entitled "Relation of Sewer Outfall to Water Works In- 
take at Quincy". It was discussed by Mr. Jennings. Adjourned. 
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The fourth session was called to order at 2 p. m. by the President, 

Officers were elected as follows: 

President — H. M. Ely, Superintendent Inter-State Water Com- 
pany, Danville. 

First Vice-President — W. J. Spaulding, Commissioner of Public 
Property, Springfield. 

Second Vice-President — E. MacDonald, Superintendent Water & 
Light Co., Lincoln. 

Third Vice-President — W. W. DeBerard, Western Editor En- 
gineering Record, Chicago. 

Secretary-Treasurer — Edward Bartow, Director State Water Sur- 
vey, Urbana. 

Mr. H. M. Ely, Chairman of the Committee on Relations with 
State Departments, reported as follows: 

Your committee on "Relations with State Departments" reports 
as follows: 

Since the last meeting of the Association, The Rivers and Lakes 
Commission has been reorganized with greater powers and increased 
funds to investigate and regulate the pollution of streams. Your 
committee understands that co-operation with the State Water Survey 
is agreed upon. Your committee trusts that the co-operation will 
prove successful in thoroughly investigating and regulating conditions 
along equitable and conservative lines. 

Your committee feels that the Association is deeply interested in 
that very important branch of the work of the commission which con- 
cerns the investigation of stream pollution. 

Soon after his inauguration. Governor Dunne appointed W. A. 
Shaw as Engineer member of the Rivers and Lakes Commission, and 
later transferred Mr. Shaw to the Public Utilities Commission. 

It is trusted that in filling the vacancy created by Mr. Shaw's 
transfer, an engineer member will be appointed as well qualified as 
Mr. Shaw, and in particular, a man thoroughly experienced in Sanitary 
Engineering, who can approach in a broad way the varied problems in 
the field of water pollution and sewage treatment. 

Your committee would urge that attention be given by the Associ- 
ation, during the coming year, to proposed legislation to permit cities 
and towns to finance improvements to Water Works outside existing 
limits of bonded indebtedness, by creating new special limitations for 
said purpose, and by making possible the creation of water districts 
along broader lines than is now possible in Illinois. 

.Respectfully submitted, 

H. M. Ely, 
W. E. Park, 
c. b. burdick, 
Langdon Pearse, 

The report was accepted and adopted. Committee. 



• Minutes of the Sixth Meeting i^ 

It was voted on motion of M. L. Enger amended by Professor 
A. N. Talbot that this Association appoint a committee on fire insur- 
ance to collect statistics on rates for fire protection and the methods 
which are in use in this state for determining such rates and to see 
whether water works companies and cities are having proper attention 
and care given to the condition of their water works improvements. 

' A cotmmittee consisting of Messrs. Enger, MacDonald, Maury, 
O. T. Smith and Spaulding was appointed. 

Jay Craven, Indiana State Board of Health, Indianapolis, read a 
paper entitled "A Sanitary Survey of White River". 

David H. Jackson, Lake Forest, read a paper entitled "North 
Shore Sanitary District". Mr. Jackson asked that a resolution be 
passed that would show the attitude of the Association toward the 
organization of the proposed North Shore Sanitary District. A com- 
mittee was appointed consisting of Messrs. Allen, Talbot and Lewis. 
At a later session the committee reported as follows : 
Resolved, that the Illinois Water Supply Association endorse the 
formation of a North Shore Sanitary District in Lake county as a 
means of attaining concerted and efficient action in solving the sewage 
disposal problem of the district. 

W. J. Allen, 
A. N. Talbot, 
W. Lee Lewis, 

Committee, 

Dr. John A. Fairlie, Professor of Political Science, University of 
Illinois, read a paper entitled "Public Control of Water Supplies in 
Illinois". 

Dr. W. H. Frost, Passed Assistant Surgeon U. S. Public Health 
Service, Cincinnati, Ohio, read a paper entitled "Sanitary Survey of 
the Ohio River". 

F. E. Herdman, Manager of Water and Light Properties, 
Waukegan, read a paper entitled "Rates and their Relations to Meters". 

A paper by Ralph Hilscher, Asst. Engineer of the State Water 
Survey, and Paul Hansen, TEngineer of the State Water Survey, en- 
titled "Surface Water Supplies of Illinois," was read by Ralph 
Hilscher. 

H. E. Babbitt, Instructor in Municipal and Sanitary Engineering, 
University of Illinois, read a paper entitled "Value of Mathematics in 
Economic Design of Some Water Works Details". Adjourned. 

The annual dinner was held at the Beardsley Hotel, Champaign, 
at 6:30 p. m. Covers were laid for about 70. President Cobb pre- 
sided. Speeches were made by Mayor Browder of Urbana, C. D. 
Rourke, President of the Urbana Commercial Club, Vice-President 
Kinley of the University, Prof. J. W. White, Supervising Architect of 
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the University and by Messrs. Bartow, Spaulding, McGonigale, Ams- 
baiy and President-elect H. M. Ely. 

The fifth session was called to order Wednesday morning at lo 
a. m. by President Cobb. 

Lloyd Z. Jones, City Engineer, Galva, read a paper entitled "De- 
tection of Leaks in Deep Well Tubes by Electric Light". 

The paper by M. E. Hinds, Asst. Chemist State Water Survey, 
and Dr. Otto Rahn, Assistant Bacteriologist, entitled "The Death of 
B. Coli and B. Typhosis in Pure Water", was read by F. W. Tanner, 
Asst. Bacteriologist, State Water Survey. 

The paper by Morris Knowles and Maurice R. Scharff, Con- 
sulting Engineers, Pittsburg, Pa., entitled "Relation of Out of Pocket 
Cost to Rate Making" was read by Mr. Scharff. 

Owing to lack of time Professor A. N. Talbot, read his j>apei 
by title. "The Iron Removal Plant of the Urbana and Champaign 
Water Company". 

Charles Trimble, Supt. Central Illinois Public Service Company, 
Robinson, read a paper entitled "Reservoir Well of the Robinson Water 
Company". 

Owing to the absdhce of the authors the Secretary read the fol- 
lowing papers by title : 

"Chemical Features of St. Louis Filter Problem", W. F. Mon- 
fort. Chemist Water Dept., St. Louis, Mo. 

"Remodeled Underdrain System for a Mechanical Filter Plant", 
Dr. Jesse M. Worthen, Supt. Charleston Light & Water Company, 
Charleston, S. C. 

"The Addition of Inorganic Salts to Culture Media Employed in 
Water Analysis", E. M. Chamot, Prof. Sanitary Chemistry, Cornell 
University, Ithaca, N. Y. 

"Chemical Standards for the Hygienic Purity of Montana 
Waters", W. M. Cobleigh, Prof. Chemistry, Montana State Collie, 
and Chemist State Board of Health, Bozeman, Mont. 

"Necessity for State Supervision of Water Purification Plants", 
Dr. A. J. McLaughlin, International Joint Commission, Washington 
D. C. 

"The Newly Remodelled Reservoir", John Gaub, Chemist Filtra- 
tion Plant, Washington, D. C. 

Adjourned to take trip to Decatur to inspect the new filter plant. 

The party was entertained at dinner by the City M Decatur and 
the Commercial Club and was taken in automobiles to visit the new 
filter plant and the factory of the H. Mueller Mfg. Co. 

The Register for the 19 14 meeting contains the following names: 

Members. — Allen, S., Allen, W. J., Anderson, W. F., Alvord, 
Amsbary, Babbitt, Bachmann, Bardwell, Bartow, Bulkeley, Cobb, 
Corson, Craven, DeBerard, DeWolf, Dunlap, Ely, Enger, Engle, 
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Fitch, Fleraing, Fritze, Ferguson, Gillespie, Hadden, Hanford, 
Hansen, Herdman, Herschleder, Hilscher, Hinds, Homer, Hous- 
man, Huenink, Jackson, Jennings, Jones, Keeler, Langelier^ 
Lautz, Lawlor, Lederer, Lewis, Malleis, Marquardt, Maury, McGoni- 
gale, Mellen, Miller, J. A., Park, Pearse, Pownall, Pratt, Prettyman, 
Rahn, Reid, Roos, Ruthrauff, Scharff, Schnellbach, Settle, Shoemaker, 
Sjoblom, Spaulding, Stromquist, Symons, Talbot, Tanner, Trimble,. 
Tufts, Wall, Williams, Wintzingerode. 

Associates. — American Steel & Wire Co., by E. von Wintzinger- 
ode; Birch Valve & Mfg. Co., by Wm. T. Birch; H. W. Clark Co., by^ 
H. W. Clark and Dwight P. Childs ; DeLaval Steam Turbine Co., by 
H. V. Peterson; Glauber Brass Mfg. Co., by L. Friedman; Hersey 
Mfg. Co., by J. J. Strasser and W. B. Cambridge; Marblehead Lime 
Co., by T. P. Black; H. Mueller Mfg. Co., by E. A. Mann; National 
Meter Co., by F. J. Bradley and W. A. Gibson ; Neptune Meter Co., by 
Todd Harrison ; Pittsburgh Meter Co., by J. M. Wilson. 

Guests. — Ainsworth, W. L, C. & U. Water Co.; Anderson, C. B.,. 
Illinois Geological Survey, Urbana; Bass, G. W., University" of Illi- 
nois; Broderson, H. J., University of Illinois; Burton, Lawrence,. 
University of Illinois ;. Chase, Dean,, Urbana ; Chenoweth, Wm. Casey ; 
Cole, Edw. S., New York City; Eschauzier, Louis, Urbana; Fairlie,. 
John A., University of Illinois; Frost, Dr. W. H., Public Health 
Service, Cincinnati, O. ; Garver, N. B., Urbana; Gordon, F. G., Asst. 
Engr. for D. H. Maury, Chicago; Hurd, C. H., Indianapolis; Jack- 
son, David H., Lake Forest ; Keeth, Grover, Asst. Mech. Engr. Public 
Service Co., Chicago; Lauter, C. J., Urbana; Lewis, J. E., Urbana; 
Luckett, W. H., Indianapolis; Newell, C. R., Urbana; Primm, James,. 
Urbana ; Rant, Alfred, Urbana ; Reilly, R. T., Urbana ; Richards, C. R., 
College of Engineering, University of Illinois ; Richards, Keene, Dist. 
Supt. Public Service Co., Lacon ; Ruge, M. F., St. Louis, Mo. ; Short,. 
F. E., C. & U. Water Co. ; Sievert, C. W., Urbana ; Tratman, E. E. R.,. 
Engineering News, Chicago ; Van Deventer, C. & U. Water Co. ; 
Virmani, D. D., Urbana; Waugh, Dallas, Effingham Water Works, 
Effingham; Weiland, H. J. Urbana; Wetherill, C. M., Supt. Water 
Works, Chicago Heights. ^ 



THE ADDITION OF INORGANIC SALTS TO CXTLTTrBE 
MEDIA EMPLOYED IN WATER ANALYSES. 



BY E. M. CHAMOT.* 



For a number of years the author of the present paper and his 
co-workers have been attempting a systematic study of the culture 
media commonly employed for the bacteriological examination or 
potable water, and especially those media to "fee used in water purific: 
tion plant control. 

It is, I believe, the frequent experience of others also that our 
so-called standard media are not sufficiently sensitive. They fail to 
yield uniform results, and not infrequently fail to indicate the presence 
of organisms lacking in vigor or of strains which we are prone to 
term atypical. 

Upon searching the literature we were surprised to find practically 
no existing data showing the basis for the chosen concentrations of 
the various ingredients employed in the preparation of the nutrient 
media. It is true that statements are found that experimentation was 
the basis jupon which the concentrations were established, but almost 
nevdfr is there found mention of the limits of the concentrations tried, 
or the limits above and below which it is unsafe to go. The two 
marked exceptions to this are the proper phenolphthalein reaction and 
the percentage of gelatine or agar. 

The most noteworthy lack of data and experimental proof is in 
connection with the use of sodium chloride in nutrient media, and it 
is to this question that much of our attention has been confined. 

At the outset, our experimental work was directed to proving 
that the addition of sodium chloride was without value and probably 
a detriment. As the work progressed, however, we were astonished 
to find that not only was it not injurious but a positive benefit. Since 
these results were obtained, one or two German water analysts have 
reported that the addition of this salt is beneficial, but no data are 
given for their findings. 

In order to facilitate the study and render it absolutely systematic, 
the triangular diagram employed by physical chemists in the study of 
three component systems was employed as a guide, not however as 
an equilibrium diagram but simply as a scheme to enable us to cover 

♦Professor of Sanitary Chemistry, Cornell University, Ithaca, N. Y. 
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all concentrations between those placed at the three points- of the 
triangle. The concentration of any intermediate point being read 
by the method of Gibbs. 

Thus far our completed work has covered dextrose and lactose 
media ; peptone and peptone-meat-broth ; liver broth ; lactose neutral 
red; lactose litmus bile-salt; and Harrison's esculine bile salt media. 
The work is being continued and will be directed principally in the 
coming y.ear to gelatine and agar media and to so-called synthetic 
media. 

I desire to call your attention in this paper to only one phase 
of this investigation, namely, the desirability of adding some in- 
organic salt to the culture media for water examination, in the hope 
that trial by others may either substantiate or disprove our results. 

I ought to add parenthetically that so far as the waters of Cen- 
tral New York are concerned many thousands of separate .inoculation^ 
have been made of natural and artificial sewages and of pure and pol- 
luted waters. The writer has also had opportunity to extend the work 
to a few Ohio waters, and Mr. John Gaub of the Washington Filter 
Plant has employed similar methods in his work with equal siiccess. 

Since the addition of sodium chloride proved beneficial, other 
salts of sodium were tried and eventtially we carried the investigation 
to include the chlorides, sulfates, nitrates, phosphates and carbonates 
of sodium, potassium, ammonium, calcium, and magnesium. 

To summarize the results of a vast number of trials, it appears 
that potassium chloride is most useful in increasing the sensitiveness 
of the media and insuring uniformity of results. Potassium sulfate 
takes next rank, then sodium chloride and sodium sulfate. The other 
salts mentioned above are either of no measurable value or are dis- 
tinctly injurious when added in appreciable amounts. 

A second surprise in this series of investigations was met in the 
behavior of phosphates. With the possible exception of a double 
potassium sodium phosphate and magnesium ammonium phosphate 
even a very slight addition proved to exert an inhibitory eflfect upon 
. growth. It must be remembered, however, that we are dealing in all 
cases with media containing Witte peptone which contains sufficient 
phosphates for the growth of the organisms. 

Potassium chloride may be present in a culture medium up to 
over two per cent, before any inhibitory eflfects are noticed. Between 
J4 and I per cent, the sensitiveness of a medium is considerably in- 
creased. If even better results are wanted the peptone concentration 
should be increased to at least 3 per cent. 

For the rapid detection of fecal organisms we find that media 
containing i per cent, carbohydrate, 3 to 3j4 per cent. Witte peptone, 
J^ to I per cent, potassium chloride and having a reaction approxi- 
mately -f 1.2 per cent, gives us the most rapid results, and by far more 
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uniform results as to gas volumes and gas ratios than standard media 
It is not an uncommon event to have well defined gas formation visi- 
ble within eight hours after inoculation. 

It is worthy of note that in all our work we have found, as has 
long been known, that a normal natural water of from 30 to 150 
alkalinity is far preferable to distilled water in the preparation of 
culture media for water examination, and that whenever possible 
the +1 to -{-1.2 reaction is best if it is obtained from an unneutralizec 
acidity of the peptone or meat broth than if from an added minen! 
acid. 

We therefore suggest the trial of culture media to which at leas:; 
0.6 per cent, potassium chloride has been added in all media wher 
rapid results are needed. 

The greater part of the experimental data involved in the stu 
of the influence of inorganic salts has been carried out under my d 
rection by Dr. H. W. Redfield, John Gaub, and C. M. Sherwood, t: 
all of whom I must acknowledge my indebtedness. 



NECESSITY FOR STATE (SUPERVISION OF PUBLIC 

WATER SUPPLIES. 



BY ALLAN J. MCLAUGHLIN, M. D.' 



State supervision of water works plants should hot be a nominal 
duty performed in a perfunctory manner. It should be a very close 
supervision of the operation of the plant. 

In many states there is a lack of law giving the necessary specific 
authority to the state to control water supplies and even when such 
law exists in some instances the state officials depend upon the local 
authorities for results, with few inspections and very little actual con- 
trol of th^ water supplies. 

Obviously, in large cities like New York, Chicago, or Philadelphia, * 
which are rich enough to employ efficient operators for their plants 
and competent bacteriologists to make daily analyses, there is no great 
necessity for close state supervision, but even here the inspection by 
state authorities has a salutary effect in keeping up the maximum 
efficiency. It is in the smaller cities and towns, however, that state 
supervision and control will have its greatest effect. In order to show 
the crying need of state inspection and control of water plants, cer- 
tain instances which came under my personal observation may be 
cited. # 

The first thought in municipalities when they get away from the 
"old oaken bucket" is to secure a supply which shall be adequate in 
quantity. The next public demand is probably for a clear water if 
the water is taken from a muddy river. It is only in the last few years 
that the demand for safe water has been made the paramount issue 
in public water supplies. 

Improvement in water supplies which were grossly polluted with 
sewage has been effected frequently to eliminate the taste of manu- 
facturing wastes. Gradually municipal officials are beginning to 
recognize the insistent public demand for safe water. Even now, 
however, with the lessons of our past epidemics before us it is a difficult 
task to convince many municipal officials that money should be spent 
to purify a polluted water supply which is adequate in quantity and 
reasonably clear in appearance. It is obvious that the Water Board 

♦Surgeon United States Public Health Service. Director of Field Work, 
International Joint Commission. 
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or Water Works Superintendent must consider the economic side of 
this question but they should be just as much interested in furnishing 
a safe water every day in the year as in the heat efficiency developed 
from their fuel. 

The greatest delusion in water supply history is the^dream that 
Great Lakes water needs no purification. Practically without excep- 
tion the cities taking water from the Great Lakes and their connecting 
rivers should install purification plants to protect their citizens, yet 
many of them persist in furnishing polluted water without treatment 
of any kind. It is not alone in the use of untreated water that disaster 
occurs. Many cities have plants which are structurally imperfect or 
inefficiently operated. 

Ashland, Wisconsin, is a notorious instance of a small city with 
a slow sand filter plant and a typhoid fever rate of 315 per 100,00 
in 1910. In spite of its lesson the typhoid rate since 1910 has averaged 
^2, deaths per 100,000. Inquiry as to the improvement following the 
calamity which befell this city in 1910, elicited the following from the 
Health Officer: 

"Your letter wanting to know of the changes in our water 
works system is at hand. Since 1910 a new filter has been in- 
stalled. This was in the winter of 1911-1912. In the winter 
of 1912-1913 the intake pipe was taken up and moved and it 
was shortened about 900 feet. In the early winter of 1912 a 
chlorine plant was installed and they have been using it ever 
since except when the taste and smell of the water became so 
noticeable, then it would be cut out for a few days until the 
taste and smell had disappeared^ 

"These are all the changes that have been made ♦that I 
know of and if there is anything more that I can help you 
with or anything that you want to know that needs looking 
into, I will be very glad to do it for you." 

The "new filter plant" said to have been installed in the winter 
of 191 1 and 1912 did not prevent the winter and spring outbreak, 
January to April, 1913. The "chlorine plant" which is said to have 
been in use since 19 12, "except when the taste and smell became so 
noticeable", seems to have been equally ineffective in reducing Ash- 
land's typhoid fever rate. 

The idea seems to be prevalent that when a public water supply 
is finally conceded to be grossly polluted that the installation of a 
filter plant settles the problem. It is supposed to be a miraculous 
fool-proof mechanism which will operate itself even while the operator 
sleeps or goes to dinner. I know of several excellent gravity mechani- 
cal filter plants, (and perhaps this type more nearly approaches the 
fool-proof than any other) which are operated by a kind of a promoted 
coal-passer or stoker. The only attempt at bacteriological control is 
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the sending of a sample to the state capital or the state university once 
or twice a year. 

One plant in a small New York town was inspected by one of 
my Canadian colleagues. It was a mechanical filter plant using alum 
as a coagulant. The man in charge was using no alum. He said it 
looked to him as if the alum was unnecessary as the water was pretty 
good anyway. 

Perhaps the least fool-proof of any of the purification processes 
is the administration of hypochlorite of lime. The dosage of the 
chemical to be effective without imparting offensive taste to the water 
requires very careful and skilful attention. Yet commonly there has 
been an effort to dose the water by set rule of so many pounds per 
million gallons regardless of the fluctuations in the raw water. The 
result is that in order to avoid taste in times of low organic content 
the dose is fixed too low to be effective when the pollution and organic 
matter increases at certain seasons due to floods or other causes. 
Cleveland installed hypochlorite and in 191 2 the first year of operation 
had the lowest typhoid rate in the history /of the city. In 1913, the 
tendency to tamper with and cut down the dose became more mani- 
fest and there was a sharp rise in typhoid in Cleveland following the 
spring freshet in the Cuyahoga River. In one of the smaller Michigan 
cities I asked the stoker in charge how much "hypo" he was using. 
He said they had been using about 6 lbs. per million gallons but the 
mayor telephoned him that he could taste the "hypo" and to cut it 
down. He said he "guessed" he was using about 4 lbs. per million gal- 
lons now. 

It is to correct these defects that state control is necessary. Those 
states which have no law covering these matters should lose no time 
in securing such a law. Where sufficient law exists the function of 
supervision and control should be exercised by the state with fre- 
quent inspections and definite rules and regulations covering the 
needs of each municipality. Defects in construction or operation could 
be thus corrected and efficient maintenance and operation secured. 
Daily bacteriological control is a necessity and should if possible be 
carried out in the plant itself. 

The greatest obstacle to proper operation and control of plants 
has been the difficulty of securing the right man to place in charge 
of the plant. The best type of man for this position is a graduate in 
sanitary engineering. He will not only be conversant with the me- 
chanical details of the plant, but will be able to adjust his cheniicals 
according to the constitutents and needs of the raw water. Most 
important of all, he will be able to make daily bacteriological exam- 
inations to determine the efficiency of purification. Nearly all the 
disasters due to sewage polluted water supplies which have occurred 
were due to lack of daily bacteriological knowledge of the public 
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supply ox. the inefficient operation of plants by unskilled men. Per- 
sonally, I believe the employment of such a graduate is economy even 
in small cities. I can conceive, however, of cases where it is impossi- 
ble for economic reasons to pay the necessary salary. . In these cases 
local men must be employed, and trained to do the work. Here the 
State Board of Health, or as in Illinois the State Water Survey, will 
find a very useful function. The State authorities could supenise 
the installation of a small, inexpensive laboratory equipment in small 
plants and give instruction to the local man in making the necessan 
water examinations. Whenever possible, however, young graduates 
of sanitary engineering schools should be employed. Such men are 
well worth their salary considering the saving in the economical ad- 
justment of chemicals and fuel costs made possible by intelligen 
supervision.. The greatest asset to be credited to skilled operation 'n 
the saving of human life effected and the satisfaction of knovsring that 
safe water is being furnished every day. 



A STANDPIPE FAILURE. 



BY C. M. ROOS.* 



The standpipe of the Cairo Water Company, Cairo, 111., which 
fell Feb. nth, 1913, was constructed in 1885 by W. B. Mailland & 
Son, Contractors, then of Peoria, 111. It was 16 feet in diameter, the 
bottom plates of which, were ^ inch, tapering to J4 i^^ch at the tqp 
plates, and the original height was 150 feet. During the year 1900, 
fifteen years after the standpipe was constructed, the city required 
the water company to add 25 feet to the height of it, which made the 
total height above foundations, 175 feet. 

The soil conditions where the structure stood are somewhat 
out of the ordinary, consisting of clays of varying composition for 
a depth of about 18 or 20 feet, under which fqr a great depth is a 
very fine sand. The Ohio River flows within about 100 feet of the 
standpipe site, the levee separating them, and the current of the river 
flows directly against the section of the embankment opposite this 
spot. - > 

Excavation to a depth of about 10 feet and 24 feet in diameter 
was made in constructing the foundation. Piles 35 feet in length 
were driven on 2-ft. centers, and were cut off at the original ground 
surface. The excavation around the piles was filled with concrete, on 
top of which were six courses of Bedford stone, tapered from 24 
feet in diameter at the bottom to 19 feet at the top. 

The standpipe during its life of 28 years had withstood with- 
out any apparent damage several earthquakes and some strong wind 
storms. The steel had been carefully scraped and painted regularly 
every year or two, and while it showed considerable corrosion and 
pitting, it had not deteriorated seriously at any point with the excep- 
tion of the section which originally formed the top of the structure. 

At 2:15 in the morning, while full of water, with a wind of not 
over 4 miles per hour, the standpipe fell without warning, in the only 
direction it could have fallen without causing very serious damage. 
It fell in the opposite direction from the plant proper, and parallel 
with the boiler room. 

The damage to the pumping station was caused largely by the 
flow of water and the kicking back of the heavy masonry in the 

* Manager Cairo Water Co. 
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Fig, I. Loss of Standpipe at Cairo 



Fig. 2. Injury to Buildings at Cairo. 
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foundation. Fig. i. See Figs, i & 2. The extent of the damage was as 
follows: sides of boiler room completely demoHshed, allowing roof to 
rest on steam pipes ; machine shop destroyed with most of the machin- 
ery and tools ; side walls of high duty pump room torn out, stripping 
pumps of oil feed cups and small connections ; the 16 inch connections 
from pumps to city mains broken ; body of a 16 inch flanged gate valve 
cracked ; the roof and about 3 feet of top of clear well torn off ; side 
walls of filter plant broken in; sedimentation tank of 72,000 gallons 
capacity damaged to such an extent that it collapsed within a few 
weeks ; two freight cars on tracks near plant completely demolished ; 



Fig. 3. Section of Standpipe across Levee. 

several cottages near plant swept off foundations. See Fig. 3. 
No lives were lost and no one was injured. 

Little or nothing could be done toward supplying the city with 
water again until afiout six o'clock in the morning, as the private 
electric light plant was put out of commission. By three o'clock in 
the afternoon of the same day, or about twelve hours after the acci- 
dent, the water was again being pumped into the city mains. 

Many theories have been given as to the cause of the accident. 
The direct cause for the failure at the particular time is not known 
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and cannot be known. There are several causes to which the failure 
can be attributed. The piling in the foundation was allowed to extend 
to the original surface of the ground, and although protected by 
heavy masonry, it was exposed to a certain extent which resulted in 
its deterioration. The fact that an additional section of 25 feet was 
riveted on the top of the structure after it had stood for 15 years, 
could be the cause of weakening it. The generally accepted cause for 
the failure at the time that it fell is that the long continued floods in 
the Ohio River had a tendency to soften the earth in the immediate 
vicinity of the standpipe and weaken the foundation. 

DISCUSSION. 

Maury: I should like to say a word of commendation for the 
water works authorities for having been able, in the face of the dis- 
aster which resulted from the failure of the standpipe, to renew 
service to the city so promptly. I was in Cairo a few days after the 
standpipe fell. A great deal of damage had been repaired by that 
time, but there were enough evidences to show that unless the man- 
agement had been exceedingly active, days might well have elapsed 
instead of a few hours, before service had been renewed. 






EXPERIENCES FOLLOWING THE FLOOD OF 1913. 



BY C. M. ROOS.* 



Following closely the standpipe failure in the spring of 1913, 
came the greatest flood in the history of the Ohio Valley, the water 
registering nearly 55 feet on the government gauge at Cairo. Condi- 
tions in Cairo during the flood of 1913 were serious, but in many re- 
spects the reports that we;'e spread over the country were greatly 
exaggerated. Neither time, money nor energy were spared in fight- 
ing the waters coming down the^ Ohio, but at no time during that 
great flood did the men of Cairo feel that they would lose out iii 
the fight. 

Situated at an exposed point between the two greatest rivers in 
the country, but fortified by the greatest levee system in the world, 
Cairo became the headquarters during the very height of the flood, 
from which were sent out relief excursions in every direction to assist 
those who were exposed to the torrents rushing down the valley. 
When the waters finally subsided, Cairo stood out as the only city 
or town along the entire Ohio Valley that had not been damaged 
by overflow. Since the flood of 19 13 a greatly improved levee system 
has been built at a cost of over $1,000,000, and Cairo now fears flood 
no longer. 

Supplying a city with water during a time, like the 19 13 flood 
necessarily carries with it considerable responsibility when conditions 
other than flood conditions are normal. It happened during the spring 
of 1913 that many things came up which made the work of the water 
man anything but agreeable. 

After having secured an ample supply of chemicals in anticipa- 
tion of being cut off from the outside world for a period, and to in- 
sure a supply of well treated water during the flood, it was with ex- 
treme difficulty that the railroad company could switch the cars to 
the water plant on account of the congested conditions of their tracks. 
After the cars were finally switched to the plcint, and before they could 
be unloaded, a hurried order, came for the railroads to run every 
car possible out of Cairo. The result was that the supply of chemicals 
was rushed out with other cars, and the water company was left with 
a very limited supply with which to treat an extremely turbid water 

* Manager Cairo Water Co. 
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for the entire service of the city. A supply of chemicals was finalh 
secured by boat from St. Louis after considerable delay. 

With the exception of annoyance at times by drift damagiing the 
suction strainer, floods do not directly interfere with the operatioT: 
of the water plant. When the water is at zero on the gauge, we are 
required to lift it 2o feet with the low service pumps, and when the 
water reaches the 54 foot mark we have it 34 feet above the pumps 

An unfortunate condition which caused the water company con- 
siderable annoyance during the flood was the collapse of about 500 
feet of a defective reinforced concrete sewer in one of the main 
streets of the city. A 12" water main was carried down with the 
sewer with the result that a section of the city was necessarily without 
water. The water main was at first suspended on steel rails, (See 
Fig. I.), but later, after this plan proved unsafe, a section of the 



Fig. I. Section of Street where Sewer Started to Collapse. 

main was broken out and the water was by-passed with the result 
that the entire city was supplied with water again. 

During the 1913 flood, representatives of the State Water Survey 
were in touch with the entire flooded district of the lower part of 
the state. They made their headquarters at Cairo, coming in and 
going out on boats. They rendered valuable assistance to the Cairo 
Water Co. at the time, and it was under their supervision that we 
installed our first hypochlorite of lime plant. Since the installation 
of this plant we have installed a permanent plant from which we get 
very good results. 

Under the direction of the State Water Survey a new modern 
laboratory has been fitted up at the Cairo plant (See Fig. 2). Among 
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other improvements made since the 1913 flood are a new steel tower 
and tank, {See Fig. 3.) a new wash water system to take the place of 
washing with standpipe pressure, a new retaining wall (See Fig. 4.) on 
the inside of the levee between the plant and river ; and a new low lift 
pump of 6,000,000 gallons capacity together with condensing outfit 



Fig. 4. A Stone Wall Built to Protect Inside of Levee. 

for both low lift and high duty pumps have just been contracted for. 
Plans for the future consist of a complete new filter plant of 
6,000,000 gallons capacity, which will include sedimentation basin, 
filters, clear water reservoir, chemical tanks and feeding devices, blower 
and wash water pump, etc. 

DISCUSSION. 

Maury: Mr. Hansen, who was one of the officers of the State 
Water Survey and who rendered such good service during the flood 
in Cairo, might be able to contribute to the discussion. 

Hansen: It is true I was down there and had charge of the 
work during the flood but Mr. Langelier had more intimate contact 
with the proposition. You might call on him to describe the hypo 
treatment. 

Langelier: Inasmuch as the water did not rise sufficiently high 
to overtop the levees surrounding the city, the problem at this point 
was mainly that of safeguarding the water supply. The filters were 
not producing a clear effluent, which, of course, indicated low bac- 
terial efficiency. Hypochlorite treatment seemed advisable and a plant 
was hurriedly installed. Two alcohol barrels were used as storage 
tanks and two half barrels were used, one as a mixing box and the 
other as an orifice box. The hypochlorite was obtained from various 
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sources, but principally from public and private laundries. Ship- 
ments of hypochlorite had been made by the Survey, but as the city 
w^as cut off from all railroad connections, it was impossible at the 
time to obtain same. The material obtained from the laundries varied 
very much in strength, but the quantity ^applied to the water was 
accurately controlled by testing each tank of solution for available 
chlorine. The material required for testing the bleach was a part 
of the equipment carried by all of the Survey representatives engaged 
in this work. 

The more or less antiquated or inefficient features of the filter 
plant were noted and recommendations were made to the company. 
From our point of view Mr. Roos deserves much credit for the manner 
in which he is carrying out these recommendations. 



A SANITARY SURVEY OF WHITE RIVER. 



BY JAY A. CRAVEN, C. E.' 



To enter into a complete discussion of the work done on the 
Sanitary Survey of White River in the summer of 1913 by the Indiana 
State Board of Health would probably try the patience of a good 
many of the members, interested in other phases of water works. To 
avoid this, I will give in brief form an outline of the work done and 
follow this by a short discussion of one topic. 

White River, from its source to its mouth, is nearly four hun- 
dred miles in length. Its watershed, about two hundred and seventy- 
five miles in length extends from five to forty miles from the river 
bed on either side of the stream. The area embraced is about five thous- 
and and thirty-four [5034] square miles, approximately one-seventh of 
the area of the State. The stream has its headwaters in Randolph 
County near Winchester. It flows westwardly about eighty-five miles 
then turns abruptly to the soutljiwest until it flows into the Wabash 
just above Mt. Carmel, Illinois. 

Randolph County is the highest section in the State. The elevation 
above tide at the source of the river is 1175 feet and at the mouth 
about 375 feet. This gives an average fall in the river of about two 
feet per mile, much greater than that of the Wabash River, and about 
double that of the Ohio River. 

The methods used in travelling to collect samples might be of 
interest. The houseboat used the previous , year was brought up the 
river as far as Martinsville, located about forty-three miles below 
Indianapolis. The shallowness of the water prevented travelling up 
river any farther. From Winchester to Martinsville, a distance of 168 
miles, the river was traveled in three ways, from Winchester to Muncie 
on foot, from Muncie to Indianapolis in a rowboat and from Indian- 
apolis to Martinsville in an automobile. The laboratory at Indian- 
apolis was used for the analysis of samples collected, on this portion. 
At and below Martinsville, all work was done in the houseboat 
laboratory. This boat, 13 feet wide and 40 feet in length had two 
rooms, one of which was used as a laboratory, and the other for living 
quarters. 

♦Sanitary Engineer and Water Chemist, Indiana State Board of Health. 
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In the study made of the river, special attention was given to the 
following features: 

1. The general features of the drainage basin. 

A. Topography and geology. 

B. Principal tributaries. 

C. Gradient. 

D. River stages and river flow. 

E. Precipitation. 

F. Population on water shed. 

2. Water works systems. 

3. Sewerage systems and sewage disposal. 

4. Disposal of garbage and night soil. 

5. Manufacturing wastes. 

6. Oil well wastes. 

7. Typhoid fever. 

8. General sanitary condition of cities and towns. 

9. Chemical and bacterial analyses of 

A. Samples from White River. 

I. Including cross river and samples from varying depths. 

B. Samples from tributaries. 

C. Samples from cities and towns. 

1. Public. ^ 

A. Surface supplies. 

B. Ground water supplies. 

2. Private. 

A. Wells. 

B. Springs. 

C. Cisterns. 

The topic selected for a short discussion is the analyses of the 
private supplies and the results obtained. Five cities and towns will 
be considered, all of them located below Indianapolis. Slides to de- 
pict the results graphically and others to show some of the causes 
of pollution will follow. ' 

At Martinsville, fifty-nine samples from dug and driven wells 
were analyzed. Of this number thirty-eight or sixty-five per cent, were 
good, ten were bad and eleven of doubtful purity. All wells in the east- 
ern part of the city were good, with but one exception. They are all 
deep wells and the surroundings were good. The water from the 
well shown in Fig. i was used" for drinking purposes until the odor 
and taste became too bad. The two closets are less than ten feet 
from the well. 

In the other half of the town the wells were shallow and lo- 
cated on the low flat bed of the river valley. This too, was in 
the poorer section of the town, owned by two or three landlords. 
Only such improvements as were actually needed were made. The 
wells in most of the places were poorly cared for. 

At Gosport, forty-seven samples were collected, and only five or 
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about ten per cent, were good. Thirty were bad and five were of 
doubtful quality. Five samples from cisterns were analyzed an-' 
only one of these was good. As the quality of the water in the ci-- 
terns depends upon the care given it by the owners, little attentior 
was paiifto this class of water. Of the forty-seven, five were fron- 



Fig, 1. Well at Martinsville. 

deep drilled wells, four of which were good, and one of doubtful 
purity. Of two springs sampled, one was good and one was bad. 
The remaining samples were all taken from dug wells, and in many 
cases very little water was found in the wells, because of the excep- 
tionally dry season. The accompanying map shows the location and 
condition of wells, springs and cisterns analyzed at Gosport. Fig. 2. 
Gosport is located on a high limestone bluff, and the dug wells 
are connected under ground. When one owner cleans his well. 
it muddies the wells east of him or those lower on the ground 
water flow. The town spring located at the foot of the bluff was noted 
for years as a fine cool water for drinking purposes. Our analysis 
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showed it to be bad. This is not surprising however, as it was learned 
that the water from the spring was very muddy at times when wells 
located on the hill above it were being cleaned. .The wells being so 
■connected, is it any wonder that the water supply is bad, as sewage 
can easily find its way into the private water supplies through similar 
passages in the soft limestone. The great benefit of the investigation 
at this point can readily be seen by the fact that two of the citizens 
commenced the drilling of deep wells when their dug wells were 
found to be bad. They were advised that the deep well supply was 
the safest. 




Fig. 2. Map of Gosport. 



At Worthington, forty-seven samples were collected and thirty-one 
or sixty-six per cent, were good. Ten samples were found to be bad 
and six of doubtful purity. The high percentage of these good 
samples w^s due to the campaign oS several years before, against the 
unsanitary conditions of the town, in which special attention was 
paid to the wells and many of the bad ones were closed. 

Eighty-three samples from dug wells were collected at Washington, 
Fig. 3, and only twenty-five or thirty-one per cent, were good. Forty- 
three were found to be bad and fifteen of doubtful purity. In many 
cases wells were dry and no samples could be collected, and in others 
where samples were taken, there was but little water in the well. 
These wells undoubtedly were fed by many available sources, which 
in many cases would be cesspools. Attention is also called to the 
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"sewer" system of the town which consists of several branches of a 
creek. This receives the sewage and other wastes of a large portion 
of the business district and some of the residence district. It is be- 
lieved that some water found its way from this ditch to some of 
the nearby wells and aided in the pollution of them. Fig. 4 shows 
one variety of convenience. The privy is eight feet from the well 
and ten feet from the kitchen door. The floods of the preceeding 
spring washed out a deep hole around the pump of this shallow 
driven well, and the family found it such a convenient place for rub- 
bish that they did not try to fill it otherwise. 



"Fig: 4. Well at Washington. 

At Petersburg, twenty-nine samples were collected, twenty-eight 
from wells and one from a cistern. The cistern water was bad. Of 
the twenty-eight wells, twenty-one were dug wells, and but one was 
good. Eighteen of them were bad and two doubtful. Here, as at 
Washington, the ground water was very low due to the long drought, 
and many of the wells had but- little water in them. 

The value of these well investigations in the cities and towns de- 
pends upon the activities, in many of the cases, of the local health 
officers. Many of them are interested in the wellfare of their cities 
and towns, and will take active steps towards the elimination of the 
bad supplies. Again, it is found that the sole interest of many of 
them lies in the few dollars received each year, and although the re- 
sults of the work were turned over to them in all cases, it is doubted 
if active steps were taken by some of the health officers after a report 
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was made to them. In such cases the benefits were nil, but where 
health officers were active and families were not indifferent to thei: 
own welfare much good was done. Steps were taken at the time tc 
explain the nature of the work, the necessity of pure water supplies 
and the harmful results that would undoubtedly in time follow the 
use of impure waters. As was stated before, many families took 
active steps at once and new deep wells were being drilled in many 
cases but a short time after the inspection of the supplies. 

One instance might be cited of an old health officer in one of the 
small towns before mentioned. He said that he had been drinking 
the water from a public well on the comer nearest him for thim- 
seven years, and he had found no ill effects from its use. This well 
by analysis, was found to be bad. With such men to lead in tk 
health of the community, is it any wonder that it takes a serioos 
epidemic, due many times to bad water supplies, before the people 
will take action in their own interests. 



HOW OENTRALIA'S WATER SUPPLY WAS SECURED. 



BY C. D. TUFTS.* 



Citizens of Ceritralia now proudly claim that their city has the 
best supply of water for all purposes of any city of its size in Illinois. 
In addition to the present supply there is an available reservoir ca- 
pacity of equal size in reserve which may be drawn upon in case 
the growth of the city should make this enlargement necessary. Prior 
to the construction of this new reservoir, we knew, though we didn't 
brag about it, that Centralia had the poorest water supply of any city 
in the state. The story of how this change was brought about illus- 
trates the fact that any community can accomplish whatever it is 
compelled to accomplish. The impelling force behind the solution of 
the water problem in Centralia was not, "We should," "We can," 
"We will," but it was "We must." 

Some twenty years ago the city took over a pumping plant of 
the Illinois Central Railroad located on Crooked creek, two miles 
north of the city, and established a city water works. The Illinois 
Central, being the largest consumer of water, secured a twenty-year 
contract under peculiar terms which fixed the price paid at approxi- 
mately one and three-quarters cents per looo gallons for water pumped 
two miles. The creek from which we obtained water derived its name 
from its tortuous, winding course, but in so far as the word "crooked" 
implies pollution and corruption, the water of the creek fully lived 
up to its name. 

More than that, this creek raised the wet and dry question every 
summer, instead of every two years as the law provides. It is hardly 
fair, however, to call it a question, for in the last few years ther^ 
never was any question but that Crooked creek would go dry. It was 
not a local option issue, but a certainty. 

The municipality was unable to raise funds to secure an adequate 
supply, on account of the unusual cost, and the constitutional limita- 
tions. The council, as well as the people, were unwilling to turn to a 
private corporation, the chief objection being that the most important 
industrial dependence of Centralia is the Illinois Central Railroad, 
with its extensive shops and terminals, which we feared would not 
be willing to pay the water rates that might be charged by a private 

♦President Centralia Water Supply Co. 
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corporation. No local capitalists were to be found willing to take 
over the water business and guarantee low rates, and we could not 
expect outside capitalists to load themselves up with our unfortunate 
predicament. When you have a dead horse to dispose of, buzzards 
are the most active bidders. 

So, confronted with an imperative demand, the city council was 
totally lacking in both the concerted energy and the tools and materials 
necessary for the task before it. In this predicament. Mayor Frazier 
called a meeting of citizens in the summer of 1909 to unload on them 
the w^ater problem. In that meeting a committee of seven w^as ap- 
pointed and given full authority to devise and carry into execution 
plans to provide an adequate water supply. After several months 
of preliminary skirmishing the committee decided to follow a plan 
of financing a supply that had previously been adopted in Mattoon 
under somewhat similar conditions. Prof. G. C. Habermeyer, of the 
University of Illinois, was employed by the city on the committee's 
recommendation, to make surveys and recommend a suitable site. 
He recommended a site comprising the valley of two streams emptying 
into Crooked creek, some eight miles east and up-stream from the 
pumping station: This site is located in Raccoon and Salem town- 
ships, and two of the members of our committee having been Raccoon 
township products, they were able to support Prof. Habermeyer's 
scientific deductions by the practical recollection that in their boyhood 
days they had been able to swim a horse across this valley after hea\7 
rains. It is easy to imagine what effect this story would have on a 
committee traveling the hot and dry sands of the desert and seeking 
an oasis. 

Following the recommendation of Prof. Habermeyer, the com- 
mittee employed Mr. E. F. Harper of E. St. Louis, to make pre- 
liminary sur\'eys and estimates of capacity and cost. He .rep)orted 
that a dam 800 feet long and thirty feet high would impound a body 
of water twent>'-four feet deep at the dam and approximating one 
billion gallons. The submerged area was estimated at 250 acres, 
and the water shed eight square miles. A spillway 150 feet in length 
was pro\-ided, and about eight miles of twenty-inch wood conduit 
following the creek bottom all the way. The estimate of cost, neces- 
sarily only approximate, was $125,000. Up to this time it had been 
considered absolutely impossible to raise by public subscription in 
Centralia an amount in excess of $25,000. Yet, the spirit of "We 
must" had taken possession of the committee, and it settled into the 
harness with dogged determination. 

A stock company was organized, capitalized at $150,000 and 
an agreement entered into with the city council on the terms of a 
contract under which the city obligated itself to lease and operate the 
reser\oir and pipe line, and to purchase same at its exact cost. The 
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revenues of the water department were pledged to pay six per cent, 
interest on the amount expended, and the city also obligated itself 
to issue $50,000 in bonds in part payment of the purchase price, and 
to issue $10,000 of new bonds each year, so as to make an annual 
payment on the balance. The contract further provided that the city 
is to levy $10,000 in general taxes each year to pay off that much 
of the original issue of bonds, so that the original amount of $50,000 
stands with $10,000 paid off and $10,000 issued each year. This 
roundabout method is necessary on account of the legal limitations 
as to issuance of bonds and taxation. 

With this agreement between the city council and the company, 
the next thing was to get the money. The committee called in the 
presidents of the two banks and made out a list of "prospects," setting 
opposite each person's name an amount that in the combined judg- 
ment of the committee and the bankers he could afford to subscribe. 

The banks consented to take the notes of these persons without 
other security than the company could furnish. The plan was to ask 
them tor subscribe certain sums to the capital stock of the company 
and to assure them that the company would obtain the money on 
their notes without calling on them to do more than sign. The shares 
of stock signed for were deposited with the banks as collateral se- 
curity, and the banks furnished the money necessary for the con- 
struction. 

The list of names started with $5,000 and from that on down to 
$1,000. No subscription was taken for less than $1,000. The list 
was made up one Saturday afternoon, and the chairman of the com- 
mittee announced that the capital stock must all be subscribed the 
following week. If he had said the reservoir must be constructed 
the following week the other committeemen would not have had any 
greater doubts as to his sanity, but they forebore calling a sanity com- 
mission and went to work. 

On Monday afternoon the newspapers contained leading arti- 
cles explaining and encouraging the project and carried at the head 
in good-sized type the names of fhose who had subscribed $5,000. 
Not how much each man had subscribed, but the names of those who 
' had subscribed $5,000. We did not call on any to subscribe the 
first three days, but those on the $5,000 list, and we refused to accept 
from any of them a subscription for less than $5,000. Each day we 
published the names of all who had subscribed $5,000 with a story 
of the progress of the campaign. Our method was so effective that 
before we had finished with the $5,000 list, several who were on for 
less sums voluntarily came forward and signed for $5,000. On 
Wednesday we were obliged to lay off on account of a funeral, but 
on Thursday night we had eighteen $5,000 subscriptions. By that 
time we had the ground broken for quick work on the men of lesser 
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means, and when we quit work Friday night we had $133,500 sul 
scribed, which at that time we hoped would be sufficient. There wei 
fewer than forty subscribers. 

In order to understand the task that confronted the committa 
it must be understood that never before had an individual subscrip 
tion to a public enterprise been made in Centralia of more tha: 
$1,000, and never before had an attempt been made to raise mor 
than $25,000. It was only the spirit of "We Must" that made it pos 
sible to raise $133,500 in four days. 

Then the Illinois Central had to reckoned with. The contrac 
of the company which fixed the price of Crooked creek water a; 
one and three-fourths cents per 1000 gallons had three more years tc 
run. It was impossible for the city to meet its new obligations tc 
the Centralia Water Supply Company unless the railroad company 
would make a new contract at a fair rate. When the representative? 
of the city and the water company walked in on Vice-President Park 
and informed him a rate of six cents would be demanded, he was 
somewhat startled, but remembering the horrors of the previous 
drouths, he told us to go ahead. 

The bond issue of $50,000 had to be submitted to vote of the 

people, but that gave us little trouble. The knockers went about 

figuring how much each of us would graft out of the cost of the 

reservoir, but we had the consolation of the knowledge that about 

s:|| 75 per cent, of the public opinion concerning grafting is the result 

of an unsatisfied longing for a chance to graft, and that did not 
bother us much. As a matter of fact, we undertook all the responsi- 
bility and the mental, moral and financial hazard of financing and con- 
structing a project which finally cost $158,000, and no officer or di- 
rector of the company received a dollar of compensation either di- 
rec):ly or indirectly. Even the lawyers in the company gave their 
professional services without charge. You can see from this what, 
i I wonders the spirit of "We Must!' can work when it gets going under 

I full steam. 

The farmers who owned the land needed for the reservoir sud- 

; denly became as much opposed to having a reservoir in their midst 

as if we were intending to compel them to take a bath in it ever}' 
morning. They held indignation meetings at the country school 
houses, and threats were heard that when we went out to dicker 
for their land they would meet us at the township line with shot guns. 
The land was worth $40 an acre, but at the school house meetings a 
price of $150 was fixed, and nearly all the owners joined in an agree- 
ment to have that much or die in the attempt. The company had the 
legal right to condemn, which the farmers knew, but fortunately 
for us, they didn't know that if we had been compelled to condemn 
we would be delayed so long we could not get the dam constructed in 
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time to catch the next spring's rains. This would have meant another 
year of drouth for Centralia, which would have cost the city more . 
than all their land was worth. We secured one tract for $65 an acre, 
then went after the owner of the land needed for the dam, and closed 
with him for a price slightly higher. After that we felt easy, as we 
could let the contract and start the work, then if we happened to sub- 
merge some land before we had acquired it, there would be np damages 
greater than the value of the land. Every acre of land required, the 
pipe line right of way, and every necessary settlement was secured 
without any litigation whatever. This illustrates another point : if your 
lawyers are working without compensation, it is rarely necessary to 
go to court. We paid $65 an acre where we took only what we 
needed and $50 an acre where we were compelled to take the entire 
farm. One farmer assembled himself, his wife and three children 
about us, and they all cried in concert at the thought of leaving their 
old home. How much rehearsing they had done we never learned, 
but we were so little affected by the exhibition of grief that the farmer 
was at length obliged to accept $50 an acre for his farm and got 
nothing for their tears. Then he bought another better farm for the 
money we paid him, and now if he was obliged to go back to his old 
home he would have a right to shed tears. 

The bond brokers would not take the bonds issued by the city in 
part payment on the contract, on the ground that no such transaction 
had ever run the gauntlet of the Supreme Court, and the lawyers 
would not hazard a guess as to what the court of last resort would 
do to our plan if it got hold of it. The company took the bonds and 
held them in its treasury as assets for security of its stockholders 
and the banks that had loaned the money on their notes. After the 
work was completed and accepted by the city, the local banks took 
the bonds and credited the $50,000 on the stockholders' loans. In 
addition there have been three payments of $10,000, thus reducing 
the indebtedness of the city to the company to $70,000. The total 
cost was $158,000, but there were several items of income which re- 
duced the actual net cost to $150,000. The city now pays six per 
cent, on $70,000 and this money is paid to the banks which hold the 
notes. Quite a large proportion of the stock is now held, however, by 
subsequent purchasers who have taken it as an investment. These 
were people whom we couldn't get within a mile of when we were 
trying to get the stock subscribed in the first instance. 

The work of construction of the dam and the pipe line, and clear- 
ing of the reservoir site was begun in the early fall of 19 10, and com- 
pleted in time to catch the spring rains of 191 1. The water has a 
natural fall of about twenty-five feet beside the depth in the basin, 
which carries it by gravity through twenty-inch wood pipes to the 
pumping station, where it is delivered direct. A small reservoir near 



48 Illinois Water Supply Association 

the pumping station, which was a part of the old system, was con- 
nected with the main conduit by a sixteen-inch pipe, and is used as a 
reserve and an overflow. It is so connected that by opening all the 
valves water will flow into it from the large reservoir, as well as to 
the pumping station. By closing a valve in the main conduit, the 
entire supply may be obtained from the small reservoir. This is some- 
times advisable after heavy rains have increased the turbidity of the 
water in the large reservoir, as the water shed of the small reservoir 
is so limited it is but little affected by rains which make quite a dis- 
tinct impression on the main supply. 

At times of heavy rains, there has been a flow of fully a foot 
of water over the spillway of the large reservoir, and Centralia is 
now certain to enter upon a dry season with a depth of twenty-four 
feet at the dam. Up to this time the surface of the water has never 
gone below eighteen feet at the dam, notwithstanding the consumption 
of the Illinois Central has more than doubled since the company has 
rebuilt its terminal and shops in Centralia. This new work of the 
railroad could not have been undertaken at Centralia unless a de- 
pendable supply of water was assured, and its importance may be 
realized when it is stated that the new work of the railroad at Cen- 
tralia has meant an expenditure up to the present time of two million 
dollars, and a very considerable increase in the working force. 

There was much trouble with leakage in the wood pipe for the 
first year, but the leaks were finally all closed, and for a year now 
there have been no complaints. The leakage never did have any effect 
on the supply of water. 

The revenues of the city water department were more than doubled 
with no material increase in the cost of operation. When the original 
system was installed, the city authorities, without looking to the future, 
issued bonds and laid the service pipes without a special assessment. 
This policy has been followed since, and there have been very few 
extensions of the water mains. Now the water department has a profit 
of from $1000 to $1500 a month, and the water mains are being ex- 
tended to meet the demands of outlying property owners. 

The next step will be to add to the system a sanitary filter, which 
is greatly desired by the water consumers. The mayor and the council 
strongly favor the installation of an approved filter plant, but again 
the trouble is to get the money. So far the compelling spirit of "We 
Must" has not taken possession of our people in regards to the filter, 
but some day it will, and Centralia's water supply will be perfected. 



THE PREPARATION OF STANDARDS FOR THE DE 
TERMINATION OF THE TURBIDITY OF WATER. 



BY FRANCIS D. WEST.* 



The principle used for the preparation of Turbidity Standards as 
^ven in the Reports of the Committee on Standard Methods of Wat^r 
Analysis of the American Public-Health Association 1905 and 1912; 
i. e., that of correcting a standard determined by weight by the use 
of a field method is like hitching the cart before the horse. 

No two laboratories nor any two persons in the same laboratory 
working independently in the preparation of silica standards, fol- 
lowing the procedure outlined will make standards exactly alike. 

A field method is never accurate and the description of what is 
^An observation in the middle of the day, in the open air, but not in 
the sunlight etc.," is a source of many possible interpretations. The 
amount of light, the size, shape and color of the vessel, the fineness of 
the material to say nothing of the personal equation all influence the 
results. 

What is needed is a definite procedure by which standards can 
be duplicated from time td time and by diflferent chemists withbut 
variation. 

Such a method has been in use in the laboratories of this Bureau 
since 1901. It involves the use of diatomaceous earth prepared as 
follows : 

"Wash with water to remove soluble salts; dry and ignite to 
remove organic matter ; treat and warm with dilute hydrochloric acid ; 
wash until free from acid and dry thoroughly. 

Grind in agate mortar, sifting through 200 mesh sieve and dry 
in desiccator. (Standard Methods 1905)" 

Take a weighed amount of finely ground material, about two 
grams, suspend in 500 C. C. of distilled water, shaking vigorously from 
time to time for two or three hours. Suspend 10 (ten) hours, decant 
supernatent liquid. Dry and weigh residue. The difference equals 
the amount in SUSPENSION. Dilute to standard and use as stock. 

I have found that standards made in this way from diflferent 
stocks do not differ perceptibly. All material that remains suspended 
for ten hours appears to be of the same degree of FINENESS. 

♦Chemist in Charge, Torresdale Laboratory, Philadelphia Bureau of Water. 
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We add a small amount of a saturated solution of mercuric 
chloride and make standards as follows : — use quart bottles of a high 
grade of white glass free from air bubbles. The standards are o, 
0.5, I, 2, 3, 4, 5, 7, 9, II, 14, 17, 20, 23 and 26 parts per million silica. 

For readings above 2(i we use a special nessler jar with a ground 
glass stopper (may be obtained through A. H. Thomas Co. Phila. ■ 

We seal these standards. The loocc standards are 26, 32, 38, 44, 
50, 65, 80, 95, 120, 150, 180. For turbidities above 180 dilutions are 
made with clear water. 

During 1913 we made over 24,000 tests with these standards. 
We have standards made in 1907 still in use. These have been checked 
from time to time and have not been found to change. 

We would not recommend using standards for over six months 
without checking. 

This method while it is -ideal for the preparation of standards 
which can always be duplicated involves considerable labor in the 
preparation of the diatomaceous earth. 

The introduction of fuller's earth seems to be a step in the right 
direction. I believe this was first brought out by Dr. E. C. Levy of 
Richmond Va., in a paper before the Laboratory Section of the 
American Public Health Association, although in the report of 1912 
he is not given credit for it. 

The idea being of course to do away with the tedious grinding 
and to obtain a standard which resembles more closely the Turbidity 
of water caused by clay. 

Working then with two objects in view, of having a definite 
weight and a definite degree of fineness (obtained by suspending for 
a definite period) we have experimented with fullers earth and have 
prepared standards which check exactly with our standards made with 
diatomaceous earth. 

Our Method follows: 

If a 200 mesh sieve is not obtainable take about 20 grams of fullers 
earth; if a sieve can be readily obtained take about 5 grams of the 
sifted material (weighing is not necessary). Place in a gallon bottle 
and add about a quart of distilled water, agitate thoroughly (as above) 
and suspend for ten hours. Decant and determine the WEIGHT of 
the material remaining in suspension by filtering ioo-20occ. through 
a weighed Gooch crucible. Dry and weigh. 

It will probably be necessary to coagulate the material by the use 
of a known weight of hydrate of alumina or a solution of aluni In 
the lattei' case the water should be alkaline to precipitate the alum. 

The increase in weight will equal the weight of the material in 
suspension plus the weight of the hydrate of alumina. 

We know then the degree of fineness as we have suspended for 
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a definite period and we have a known weight. From this suspension 
w^e can make our stock for use in preparing our standards. 

I do not know just how long the standards will keep as the period 
elapsing since their preparation is relatively short compared with our 
other standards but in any case it is a simple matter to prepare new 
ones. 

SUSPENDED MATTER 

It appears to the writer that the Report of 1912 of the Committee 
on Standard Methods of Water Analysis of the Am. P. H. A. in' 
dismissing the Determination of Suspended Matter with the words : — 
"This determination is made by obtaining the difference between the 
total solids in the unfiltered portion of a sample and in a portion from 
which the suspended matters have been removed", has practically 
omitted all description of the method. 

It is almost impossible to get comparable or even consistent results, 
in this way; moreover the amount of fixed and volatile suspended 
matter (very important for sewage) is lost entirely. 

In the report of 1905 the following note appeared: — "The use 
of a tared filter of asbestos in a Gooch crucible (50a) may be found 
Tidvantageous and the suspended matters determined directly." 

The note 50a refers to a paper by Thomas and Hall of the 
Phila. Bureau of Water. Journal Amer. Chem. Soc. 1902, 24 p 538. 
Phelps some time later about 1906 under the heading "Gooch 
Crucible for the Determination of the Total and Volatile Suspended 
Matter in Sewage" improved on the Thomas and Hall Method in that 
he used a crucible with a mat of asbestos about 1-16" in thickness>. 
omitting the stones and perforated thimble recommended by the others. 
For water we have been using the modification of Phelps for five 
years at Torresdale and have obtained very consistent results for both 
the amount of fixed and volatile as well as the total solids. 

For waters containing fine clay we use 250-500 cc. Ordinarily 
we use 1000 cc. for waters with a turbidity of 50 or less. For fine 
clay we filter through a filter as prepared by Phelps, after coagulating 
with 5cc. of an alum solution containing 3 parts per million 
AI2O3. 

After standing for 1-2 hrs the alum with practicajly all the clay^ 
has settled out and the sample is ready for filtering. 
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RESERVOIR WELL FOR THE ROBINSON WATER 

SUPPLY. 



BY CHARLES TRIMBLE.* 



Robinson is located in Crawford County eight miles from the 
Wabash River. When in the year of 1908 its rapid growth demanded 
a more adequate water supply, we began to look about for a suitable 
location for a reservoir well, by this I mean a reservoir into which 
water would enter under its own head. After three test wells were 
drilled in the vicinity of the Wabash River, a site was chosen and an 
open well started. This well proved a failure due to the fact that 
water was found in quick sand which would flow into the well almost 
as readily as the water. However it was operated in connection with 
three drilled wells for two years when it was decided to try for a 
l)etter location. A test well was drilled two miles from the Wabash 
River. At a depth of eighteen feet water was found in a coarse 
gravel formation eighty-three feet in thickness. Upon finding such a 
thickness of water bearing gravel so near the surface, the idea of the 
reservoir well was abandoned, and four eight inch wells were drilled. 
These supplied water for one year. During this time a great deal 
•of trouble was caused by the screens sanding up. In the fall of 191 1 
it was decided to dig a reservoir into this water bearing gravel, this 
time on a larger scale. After acquiring the necessary machinery, con- 
sisting of a boom derrick, hoisting engine, dump and clam shell buckets 
work was begun. In the former attempt a flat board shoe had been 
used as a foundation on which to start the brick wall. Difficulty was 
encountered in the use of this, by its having no sharp edge, there- 
fore making slow progress after reaching water. The idea now 
occurred to make a shoe with a sharp edge. To do this a form was 
made twenty-five feet in diameter, sixteen inches wide at the surface, 
and thirty inches deep tapering to the outer edge at the bottom. This 
made a circular form with the cross section in the shape of an in- 
verted right angle triangle, around the outer edge of which was placed 
three sixteenth inch by thirty-six inch (3-i6"X36") boiler plate se- 
curely riveted and perforated to permit the use of a staggered row 
of eye bolts. Through these eyes was passed a ^" messenger wire to 
make fast to the outer shell and reenforce the concrete that was then 

*Mgr. Central Illinois Public Service Co., Robinson, 111. 
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poured into the form. 14'' brick wall layed in cement mortar and 
plastered outside to keep the water out was started on this shoe. 
Provision was made for securing anchor rods in this to extend up 
through the wall for the purpose of holding the shoe and wall to- 
gether in case the shoe should in a soft formation have a tendency 
to fall away from the wall. The wall being started, excavation was 
begun on the inside, the dirt being taken out by the dump bucket. 
With the excavation from under and the weight of the wall on top 
the shoe was easily started. The wall was battered J4" to the foot. 
If more than Yt." to the foot is given a cavity will form on the out-^ 
side allowing the wall to move from an upright position should one 
side of the shoe strike an obsfacle such as a boulder. Care should be 
taken in starting the shoe evenly for once it begins to settle faster 
on one side it is almost impossible to straighten it again, as the dirt 
will have caved in on the side not going down. Upon reaching the 
water bearing gravel, the dump bucket was abandoned and the clam 
shell used because the water coming in made it impossible for men to 
work inside. In the meanwhile the brick were being laid, thereby 
increasing the weight of the wall as the increasing depth demanded. 
After excavating ten feet into this gravel it was decided that a suffi- 
cient supply could be obtained. No further excavation was deen^ed 
necessary. The well was then tested. Water was discharged for two 
hours through an 8" pipe. After pumping off the head in about twenty 
minutes, the water could not be lowered. This well has been operated 
for two and a half years and at no time has there been any indication 
that the supply was not sufficient. We are now supplying a population 
of 10,000 including two refineries, forty ton ice plant and drilling wells 
in the oil fields adjacent to the city of Robinson. A contract has been 
recently secured to furnish water to another city of 3,000. 



PXTMPINO CITT WATER BT ELECTRIGITY. 



BY J. M. BRYANT.* 



Introduction. In many of the smaller cities of this state water 
supply systems could be installed if the cost of operation coul: 
be brought within the means of the community. Even in many of tht 
larger cities where systems are now in operation there is room for 
distinct improvement in the operating costs. For the steam driver 
pumping station the large items in the operation expenses are those 
for fuel and attendance. Both of these items are either absent or 
lowered materially in the electrically driven station. 

Nearly all of these communities are within easy reach of a trans- 
mission system or have one or more electrical plants in their own mids: 
Power can be produced more easily in one large power plant locatec 
at a water power privilege or within easy reach of a coal supply than 
in several smaller stations to some of which coal may have to U 
hauled by wagons. The problem of electrifying a pumping plant be- 
comes an analysis of the following items, 

1. First cost of the equipment, 

2. Cost of operation including power, repairs and labor, 

3. Reliability of the equipment. 

In this discussion of the question it will be assumed that electric 
power is available for driving the pumps, and that this may be ob- 
tained at a fair rate since the pumping company or the city has re- 
course to the Public Utilities Commission at any time for an adjust- 
ment of rates. 

Cost of the Pumping Units. A comparison of the cost for 
steam and electrically driven pumps of the same capacity reveals 
the fact that the electric equipment costs from one-fourth to one- 
half that of the steam driven units. Considering that, for new in- 
stallations, a saving is also made in the first cost for boilers, build- 
ings, etc., it certainly is fair to assume that the cost of the power 
plant portion of the water works equipment is reduced to one-fourth 
that for steam driven stations. 

In order to analyze the effect of this reduction on the annual 
fixed charge the following table is taken from an average of 22 cities 
in Wisconsin from the reports of the Wisconsin Railway Commission. 
(7 W. R. C R. 301 ; 8 W. R. C. R. 341). 

*Asst. Prof, of Elec. Eng., University of Illinois. 
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average cost new of water works systems in 22 wisconsin cities. 

Per cent, of 

Total Cost New 

1. Land 3.10 

2. Wells, intakes, and suctions, 8.39 

3. Filters, reservoirs, standpipes, 6.28 

4. Distribution system, 63.75 

5. Power plant equipment, 8.86 

6. Buildings and miscellaneous structures 6.37 

7. Office furniture, appliances, tools, etc. 0.80 

Adding together items 5 and 6 it may be seen that the total cost 
in power plant equipment and buildings represents 15.23 per cent, 
of the total cost new of the equipment. Lowering this to one-fourth 
of its present value by the' use of electrically driven machinery will 
affect an annual saving in the fixed charge, which may be taken as 15 
per cent, of the cost new, by 

0.1523X0.75 = 0.114, 

or 1 1.4 per cent. This will in turn affect the cost of operation by 

0.15 X 1.114 = 0.017, 

or 1.7 per cent, of the present cost of operation of the steam driven 
station. This means that, for the conditions above assumed, the fixed 
charges necessary to cover the initial investment are reduced by 1.7 
per cent, of that investment, or for the same income, and with other 
operating expenses constant, an increase in the annual profit of 1.7 
per cent, of the investment. Other items in the operation cost will be 
discussed under the next heading. 

Cost of Operation. Items in the annual cost of operation which 
are less in the motor driven station than for either steam or gasoline 
driven pumps are the following 

1. Interest on the investment on account of lower investment as 
explained under the last section. 

2. Depreciation is less for the centrifugal pump and electric 
motor. Depreciation in the motor is almost negligible if the motor 
is properly housed and cared for. The motor may have to be laid 
aside on account of obsolescence due to improvements in electrical 
equipment which would secure additional saving in cost of operation 
at a later date, rather than on account of the wearing out of any of 
the motor parts. 

3. Cost of motor repairs is negligible in comparison with those 
for a steam or gasoline driven unit on account of the absence of steam 
and heated gases and of reciprocating parts. 

4. Cost of motor attendance may be made very small. If the 
pumps can be located near the plant which furnishes the power no 
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attendance need be provided outside of that which the power com- 
pany is willing to furnish for the privilege of cutting off the demand 
of the large motors at the time of their station peak loads. For large 
stations and for isolated plants one attendant can care for a large 
number of motors and pumps. Nearly all the attention that is re- 
quired is that necessary to start and stop the motors at the proper 
time and to stand by in case of fire to connect in enough pumps to 
supply the necessary volume and pressure. 

5. Practically no cost for lubricating oils since the pumps and 
motors are nearly always self lubricating, using the same oil over 
many times. 

6. Very low maintenance cost compared with a steam or gasoline 
driven plant. The fires in a steam plant hare to be kept banked at 
times of no load and ready to take on fire pumps if necessary. This 
item of fuel cost for banked fires forms one of the large items in the 
annual operation sheet of small plants. Maintenance for the motors 
and pumps is also a much lower item than for steam and gasoline 
driven pumps. . 

' Reliability. Reliability in city water pumping is of the utmost im- 

portance. In many installations, even in large cities, this factor has 
been sacrificed in order to lower the first cost of the equipment. 
There may result from this neglect low pressure in the water mains, 
and lack of volume for fighting fires causing excessive fire losses and 
also high insurance rates on real estate for such cities. The electric 
motor is more reliable than the steam or gasoline engine. In order 
to increase the reliability of the whole system the following sugges- 
tions are given. 

1. The motors should be located above all possible flood levels. 
Although a few cases are known of motor driven mine pumps oper- 
ating under water and pumping the mine dry, the insulation is not 
usually guaranteed to stand such treatment. 

■ 

2. Instead of installing one large motor and pump to furnish 
! the total amount of water for the high pressure service at least two 

units and preferably three should be installed. When installing three 
units the combined capacity of any two should be able to supply the 
peak load of the station. This method of design allows the unit or 
units in operation to run without throttling and at their full capacity. 
Throttling a centrifugal pump or running it below speed lowers the 
efficiency of the equipment and raises the cost of power by requiring 
a greater number of kilowatt-hours to pump the same amount of water. 
When the pumping-station is situated at some distance from the 
power plant duplicate pole lines should be installed and over routes 
widely separated. When the wires pass through city streets a fire in 
a given quarter may destroy one pole line but service may be main- 
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tained over the other line. Repairs may also be made on either line 
and at any time without interrupting the operation of the station. 

4. Proper lightning protection should be provided at both ends 
of the transmission line to the pumping-station, to protect all electrical 
apparatus. The electrolytic arrester has been found to be the most 
reliable type now in use. Its first cost is slightly higher than that of 
other forms, but it gives better protection in all cases of lightning or 
high voltage disturbance from other causes. It operates on the princi- 
ple of a safety valve, discharging excess electrical pressure from the 
line and then stopping the discharge at normal pressure, automatically 
setting itself for the next discharge. 

Choice of Motor. The electric motor can be adapted to drive 
any type of pump. The greatest efficiency of mechanical transmis- 
sion is of course secured by the least amount of gearing or belting. 
The centrifugal pump lends itself best for motor drive since it runs 
most efficiently at the higher speeds. The higher the speed, the lower 
the cost of the motor and pump. Information in regard to the proper 
choice of speeds can always be obtained from the pump and motor 
manufacturers. 

The squirrel cage induction motor is a little more simple and 
reliable than the wound rotor types. It is suitable for starting centri- 
fugal pumps of small capacities without too great a starting current 
by the addition of a compensator if the pump outlet is closed when 
starting. The wound rotor motor with slip rings and external re- 
sistance is preferable for sizes above 50 horsepower in order to secure 
the higher starting torque with low line current. Resistance in the 
primary or line side of the motor for starting should not be used, since 
the motor then draws from two to five times full load current from 
the line at the start. This is avoided by the use of the compensator 
starter or the slip ring motor. 

When large pumps are to be driven at a considerable distance 
from the power plant, transmission line losses may be reduced by the 
use of one or more synchronous motors in the pumping station. These 
motors can now be secured with sufficient torque for starting pumps. 
By the proper ^ use of synchronous motors a large saving may 
sometimes be made in power consumption. 

Cost of Power. Electrical power for pumping should receive 
the lowest rate of nearly all classes of service furnished by a power 
plant. With water storage facilities in reservoirs and standpipes 
capable of taking care of the peaks in the pumping demand and also 
•supplying the water for the two or three hours in the day when the 
commercial load on the station is the greatest, the power for the 
pumps may be supplied without any increase in the station maximum 
demand. The increase in the station output incident to this load 
will then improve the load factor, lowering the cost of producing 
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unit power and delivering it to the switchboard. The proper rate 
to be charged in any community should be properly determined by a j 
competent engineer or by the Pubhc UtiHties Commission, and not ; 
left to the governing body of the community and the public utilit) 
without expert advice. The public utility should be encouraged to 
seek the pumping load and the city to cooperate in securing a price 
giving justice to all consumers. This cooperation should extend not 
only in the matter of securing rates, but also in installing the equip- 
ment best for all concerned and in operating it at times when the 
company can best afford to supply the power. This same rule should 
also apply to combined municipally owned plants ; each part of the I 
service should bear its proper portion of the fixed and variable 
charges. 



CSEMICAL STANDARDS FOR THE HYGIENIC PURITY 

OF MONTANA WATERS. 



BY W. M. COBLEIGH.* 



The public water supplies of Montana are taken from a variety 
of sources. The purpose of this paper is to show the differences in 
the composition of the waters from these sources. With these data 
it will be possible to draw conclusions concerning chemical standards 
of purity suitable to Montana conditions. ^ 

In the mountainous portions of the state, as a rule, city water 
supplies are taken from streams above human habitations. These 
represent the purest waters found in the state. The average of the 
analyses of thirteen of these water supplies is tabulated below. These 
samples were collected during the fall and winter months when the 
organic content was the lowest. 

Parts per Million. 

Solids 99.1 

Free Ammonia .0152 

Albuminoid ammonia .028 

Nitrogen as Nitrites .000 

Nitrogen as Nitrates .102 

Chlorine Absent in all samples. 

Shortly after the above results were obtained the writer attempted 
to use them as a partial guide in passing opinions on the sanitary 
quality of water supplies taken from the Yellowstone River at various 
points where there was some reason to suspect that the water was a 
menace to health. The results of analyses at these points on the 
river were much higher than could be accounted for by the amount 
of sewage known to be entering the river. Consequently, samples 
were then taken ' from the Yellowstone River above the town of 
Gardiner and above the mouth of the Gardiner River. This is a 
point on the Yellowstone River above all sewage contamination and 
it was expected that the analyses would give results similiar to other 
mountain streams. That this was not the case is shown by a typical 
analysis tabulated below. 

♦Professor of Chemistry, Montana State College of Agriculture and 
Mechanic Arts, Bozeman, Mont. 
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Parts per Million 

Solids 150.00 

Free Ammonia .25 

Albuminoid Ammonia .09 

Nitrogen as Nitrites .0045 

Nitrogen as Nitrates .09 

Chlorine 11.50 

Oxygen Consumed 1.4 

This analysis was checked by taking other samples and it was 
learned that the Yellowstone River at points above sewage contamina- 
tion contains more free ammonia and nitrites and at times more a'r 
buminoid ammonia than it does at the intakes of any of the citie; 
using the water, all of which are locsited at varying distances belov 
sewage outlets. In this connection it should be stated that the moui- 
tain streams flowing into the river below Gardiner contain no nitrites 
and only a small amount of f r«e ammonia. The dilution, therefore, i 
a factor in decreasing nitrites and free ammonia. 

The results so far point to the conclusion that the river water 
contains more free ammonia and nitrites during the winter months 
when most of the water in the river comes from Yellowstone Lake 
than it does in the spring and summer when the flow is increased by 
melting snow. The varying character of the water above sewage con- 
tamination and the fact that the water normally carries substance? 
usually contributed by sewage makes it very difficult to give to chemical 1 
data obtained at city intakes any diagnostic value. While it is evident 
in this case that the free ammonia and nitrites do not have their 
origin in sewage, yet the exact source has not been traced so far as the 
writer knows. It is possible they are developed by chemical action 
in the geysers and springs of the Yellowstone National Park. 

Water of still a different character is found in Northern Montana. 
The chief sources for city supplies are the Milk and the Missouri 1 
Rivers. The waters of these rivers are high in organic matter, which 
is not derived from city sewage. The organic content increases as 
the rivers flow to the eastern part of the state where outcrops of 
lignite coal frequently occur. The effect of the coal is shown in the 
following analysis of a spring in a sandstone strata which is underlaid 
with lignite coal. The spring is far from any source of contamination. 

Parts per Million 

Solids 1880.0 

Free Ammonia • ^ .186 

Albuminoid Ammonia .28 

Nitrites .00 

Nitrates Trace. 

Oxygen consumed 6.35 

Chlorine 5'i 
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• Water of this character flows into both the Missouri and Milk 
^ers at numerous places. It is evident that the chemical data on 
aters of this kind cannot be compared with the data reported on the 
ire mountain streams. 

Another source of water for city use in Montana is the deep well, 
he following is a typical analysis. The well was drilled to a depth 
6io feet and is cased. It is located far from any source of con- 
mination. 

Parts per Million 
Solids 1008.0 

Free Ammonia .235 

Albuminoid ammonia .037 

Nitrogen as Nitrite .008 

Nitrogen as Nitrate Trace. 

Oxygen consumed 1.25 

Chlorine 10.70 

It is evident that there is a great variation in the organic content 
f the surface waters in Montana, known to be free from sewage 
Dntamination. This variation is so g^eat that it is impossible to use 
universal chemical standard of purity for all waters of the state, 
lowever, it has been possible by carefully studying the qualities of the 
'^aters from various sources to adopt local standards of purity, which 
re very necessary to use in connection with bacteriological data. 



HYPOCHLORITE TREATMENT NOW FIRMLY 

ESTABLISHED. 



BY C. A. JENNINGS.* 



There can be no question now about the efficacy of hypochlorite 
treatment of public water supplies. Its adoption has spread very 
rapidly since its introduction at the Bubbly Creek filter plant in Chi- 
cago in 1908. The writer believes that there are at least 600 cities in 
this country now using this method of disinfecting their water sup- 
ply. Wherever a proper survey was made and it was decided by capa- 
ble authorities that hypochlorite treatment was needed and the chemi- 
cal was properly applied thereafter, good results have followed. The 
writer knows of no city following this procedure, that has foimd 
it necessary to discontinue the use of the treatment. It is true that in 
some cities, hypochlorite treatment has come into bad repute with 
the water consumers because of a taste in the treated water at times. 
In the experience of the writer, such cases are always due either to 
a poorly designed plant, improper application, expecting a removal 
of bacteria beyond what was practical or to the fact that hypochlo- 
rite treatment was not adapted to remedy the particular water 
troubles. 

Hypochlorite has its own sphere of usefulness and beyond that 
it is practically useless. It is to be used primarily to eliminate from 
a water supply the disease producing organisms of intestinal origin, 
such as typhoid fever, para-typhoid, dysentery, etc. The efficiency 
of the treatment will vary inversely with the turbidity of the water. 
Hypochlorite is now used in conjunction with rapid sand filters, slow 
sand filters, coagulation and sedimentation, plain sedimentation, im- 
pounding reservoirs, and alone. 

With the layman of today so widely awakened to matters per- 
taining to health, more and more thought is being given by him to 
the purity of his drinking water. He is beginning to realize that the 
physical properties of a water do not necessarily indicate the health 
giving properties. 

It is acknowledged that hypochlorite treatment is not a substi- 
tute for filtration; but there are some impure water supplies which 
because of their physical condition do not need filtration. Within 

♦Union Stock Yards, Chicago. 
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the past two months Mr. Rudolph Hering of New York, reporting 
on the Buffalo water supply said : "It is my opinion that steriliza- 
tion by either method (hypochlorite of lime or liquid chlorine gas), 
Avill safeguard the public health at a very much lower cost than the 
adoption of filtration at this time. As soon as the city is prepared 
to pay the cost of giving the water at all times an excellent appearance, 
filtration is the system to be adopted." It is often a question whether 
the results accomplished by filtration of a given water supply, are worth 
the expenditure, provided of course, that the water as furnished the 
consumers is free from pathogenic organisms. Many lake cities 
3,re situated similarly to Buffalo as regards water supply. Erie, 
Penn., and Evanston, 111., are now completing the installation of rapid 
sand filters. Cleveland, O., has broken ground for the first of two 
filtration plants. Filtration has been recommended for the water 
supply of Chicago. All of these cities have been using hypochlorite 
treatment for two years or more, producing a water that is bacterio- 
logically safe and each city has reduced its typhoid fever death rate 
very appreciably. 

Hypochlorite treatment is now firmly established because it has 
accomplished what its conservative advocates 6riginally dlaimed 
for it. Its selective action for the germs of water borne diseases has 
been proven by bacteriological analyses over a period of almost six 
years and by typhoid fever statistics during the same period. The 
writer has collected typhoid fever death rates from a number of cities 
and selected a. few as being representative. The water supplies used 
include lake water with only hypochlorite, very turbid river water 
with coagulation, sedimentation and disinfection, impounding reser- 
voirs with hypochlorite, plain sedimentation and hypochlorite and rapid . 
sand filtration with disinfection. The statistics cover a* maximum 
period of eleven years previous to disinfection and five years follow- 
ing its introduction. Obviously the latter figure is limited because 
hypochlorite was not introduced until 1908. The death rates 
mentioned are expressed as annual death rates per 100,000 of popu- 
lation. 

For eleven years previous to the use of hypochlorite, Baltimore 
had a typhoid fever death rate of 35.2. Eliminating the year of 1911, 
during the last six months of which hypochlorite was used, the death 
rate was reduced to an average of 22.8 for the years of 1912 and 1913 
while using hypochlorite, a reduction of 35 per cent. (See Fig. i.) 
Baltimore uses chemical coagulation and sedimentation and hypo- 
chlorite. A rapid sand filter plant is being installed at this time. 

The average typhoid death rate in Cleveland, O., for the eleven 
years previous to the introduction of hypochlorite in Sept. 191 ij was 
35.5. The average for 1912 and 1913 while using hypochlorite. 
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Fig. I. Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Baltimore, Md. 




Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Cleveland, O. 
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Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Des Moines, la. 
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Fig. 4. Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Erie, Pa. 
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was ID, a reduction of 72 per cent. (See Fig. 2.) Cleveland uses n.. 
other treatment than disinfectant at this time. 

At Des Moines, la., the water supply is collected in filter galler- 
ies under the old bed of the river. Hypochlorite treatment was be- 
gun in Dec. 1910 during a typhoid epidemic. The average typhoid 
death rate for the years 1905- 1910 inclusive was 22.7 and for the 
three years while using this process, it was 13.4 per 100,000, a reduc- 
tion of 41 per cent. (See Fig. 3.) 

During the winter of 1910-1911, Erie, Pa., experienced a typhoid 
epidemic of a very severe form. The death rate from this disease 
was 197 per 100,000 for the year 191 1. Hypochlorite treatment was 
begun in March 191 1. The average typhoid death rate for the eleven 
years, 1900-1910 inclusive, was 38.4 and for 1912 and 1913 while 
treating the water supply, it averaged 13.5, a reduction of 65 per cent 
(See Fig 4.) 

Evanston, 111., is another city on the Great Lakes that suffered 
a typhoid fever epidemic in 191 1, but it was prevented from assuming 
large proportions by the introduction of hypochlorite in Dec. 1911. 
An average typhoid death rate of 26 per 100,000 for the years 1907- 
191 1 inclusive, dropped to 14.5 as the average for 1912 and 1913, a 
reduction of 44 pet cent. (See Fig. 5.) 

Jersey City, N. J., was the first city to adopt hypochlorite treatment 
for a municipal water supply, in Sept. 1908. The water is stored in 
an impounding reservoir and then treated with hypochlorite. The 
average typhoid death rate for the years 1900- 1907 inclusive was 
18.7 per 100,000. The average death rate since the introduction of 
hypochlorite, for the years 1909-1913 inclusive is 9.34 which is a re- 
duction of 50 per cent. (See Fig. 6.) 

Kansas City had a typhoid death rate of 43 per 100,000 during 
19 10. Hypochlorite treatment was begun in Jan. 191 1. The aver- 
age typhoid death rate for the years 1900-1910 inclusive was 42.5 per 
100,000. During 191 1, 191-2 and 1913 the average was only 20. This 
was a reduction of 53 per cent, over the former rate. (See Fig 7.) 

The water supply of Omaha, Nebr., has been coagulated and set- 
tled in basins and then treated with hypochlorite since May 1910, 
when disinfection was installed because of the large ampunt of ty- 
phoid fever in the city at that time. The typhoid death rate in 1910 
was 89 per 100,000. The average typhoid fever death rate for 1900- 
1909 inclusive was 22.5. For the years 191 1, 1912 and 1913, the death 
rate averaged 11.8, a reduction of 47 per cent. (See Fig. 8.) 

Summarizing, it is seen that in each city a substantial reduction 
in typhoid fever was effected following the introduction of hypochlo- 
rite. These reductions have been consistent. For the eight cities, 
the maximum reduction was 72 per cent. (Cleveland), and the mini- 
mum was 35 per cent. (Baltimore). The average percentage reduc- 
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Fig. 5. Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Evanston, 111. 



— ^ 



lEiViEY OTi^.ttJ. 






^VP.2TO, 



700 



^ 'Hypo b€ nm Sepf /90S 




I 



btnBfUn 0O(fuLp 



t6 




Htwvgt /: V9-/fU h k/. effwr 



Hypo (9,3) 



m!e/m€ '^^ '^f '^^^ *^^ 



1910 



IW 



/9f£ 



I91S 



Fig. 6. Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Jersey City, N. J. 



68 



Illinois Water Supply Association 




USSKi /' 



Fig. 7. Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Kansas City, Mo. 
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Fig. 8. Typhoid Fever before and after Introduction of Hypochlorite Treatment 

at Omaha, Neb. 
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tion was 51, which is very satisfactory. The total population of the 
eight cities is 2,033,000. With an average reduction of 15.8 deaths 
per 100,000 population for each year and with a value of $S,ooo for 
each life saved, the saving to these cities amounts to $1,606,000 per 
year. Certainly hypochlorite treatment has proved a blessing. 

Formerly it was thought that the water supply of any city with a 
typhoid fever death rate of 20 or less per 100,000, was above suspi- 
_^cion. This view has changed recently. Of the eight cities named, 
only one had a typhoid death rate of less than 20 previous to the use 
of hypochlorite (Jersey City with 18.7). The average was 30.2. 
The average since disinfection was begun, is 14,4 and only one city 
(Baltimore with 22.8) has a rate above 20 per 100,000. 

It is to be noted in conclusion, that of the eight cities, six showed 
a higher typhoid death rate in 1913 than in 1912. It has been said 
that 1913 was a typhoid year. During 1910 and 1911 there were many 
^rphoid epidemics. What the death rates in these cities would have 
been if hypochlorite had not been in use will never be known. How- 
ever, it is safe to say that hundreds of lives were saved during 1913 
that would otherwise have been sacrificed to that preventable disease, 
typhoid fever, had not the water supplies been disinfected with 
hypochlorite. 
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WATER TREATMENT FOR RAILROADS. 



BY R. C. BARDWELL.* 



I will forego the usual preliminary of the water treatment paper, 
and in this article presume that all present are duly familiar with 
the fact of how the gentle rain from heaven absorbs the various 
mineral impurities in its course upon the earth beneath. Needless to 
say they are present in varying amounts in all waters available for 
consumption, and cause numerous troubles in the manufacture of 
steam power through the formation of scale in the boilers or through 
foaming because of the alkali water carried over into the steam heads. 

Those of you who are not directly connected with the operation 
of steam plants have witnessed this phenomena of scale formation 
in the common household kettle, and exercising imagination may be 
able fo conceive of the considerable amount which is similiarly formed 
in the large locomotives of 2500 square feet of heating surface and 
evaporating over 5000 gallons of water per hour. This scale forma- 
tion greatly lessens the life of the boiler and appurtenances, necessi- 
tates frequent costly repairs, and delays traffic. In the case of the 
household kettle after the worthy husbandman has wearied of his 
efforts in scraping out the persistent scale or has punched a hole 
through the bottom during the course of the proceeding, it can be 
turned over to the ashman and its successor procured for a very 
nominal sum. In the case of the locomotive the "nominal" sum is 
around $20,000.00, so that it is obviously to the advantage of those 
concerned to prolong the life and service by every economical means, 
and to reduce as far as possible the cost of repairs and loss of time. 

The scientific investigation of this economy is of comparative 
recent development, that is, it has been worked out principally in the 
past fifteen years. It is no longer an experiment, although like many 
innovations it is still regarded in a few places with suspicion. Al- 
though originating in England, if the report of the International Rail- 
way Congress of 1910 at Berne can be taken as a criterion, the United 
States leads the world in water softening efficiency. 

On the generally softer waters of the Eastern part of the country 
the process was first tried with most gratifying results. On the harder 
and heavy scale waters of the middle West and Western districts 

♦Chemist, Missouri Pacific Railroad. 
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it is now regarded as a practical necessity. In cases where it has 
been successfully installed and competently operated the increase 
in the life of flues has amounted to from 75 per cent to 150 per cent. 

The report of the committee on Water Service for the 19 14 con- 
vention of the American Railway Engineering Association shows that 
on six representative trunk lines through the middle West there are 
now in service 237 complete treatment plants and iii soda ash partial 
treatment stations, ranging from 5 complete plants on one road to 
a maximum of 112 on another, -and from no soda ash plants on sev- 
eral to 86 on one. Several railroads arrange for placing soda ash 
directly into the engine tanks at the terminals. This is conducive 
to foaming conditions, but the economy derived from the scale removal 
more than justifies the foaming complaints. 

On the road with which I am connected there are at present 45 
complete water softening plants in operation, the majority being on 
the hard waters West of the Missouri River. The average amount 
of water treated per year, reducing the hardness so that it will form 
practically no scale, is 1,692,000,000 gallons. The total average 
amount of scale removed from this water is 5,537,000 pounds, which 
would make over no carloads at 50,000 pounds each. A considerable 
amount when it is remembered that but for treatment this scale would 
have to go through the engine boilers and most of it be removed by 
taking out the flties. The total annual cost for the above treatment 
including chemicals, additional supervision necessary, maintenance,, 
interest and depreciation on plants is about $65,000.00, However 
conservative figures show that with this expenditure there is a net 
saving of about $105,000.00, from cutting down the following losses: 

I. — Frequent renewal of flues and other parts of boiler on 

account of scale accumulation and injury to flue ends 

from repeated caulking. 
2. — Labor and caulking flues and other engine house boiler 

repairs. 
3. — Loss of engine time during boiler and firebox repairs. 
4. — Loss of fuel due to the insulating effect of the scale on 

the flues and other heating surfaces. 

Besides these are the indeterminate benefits in the road perform- 
ance of locomotives by reducing the failures and interruptions to 
traffic with the reduction of the number of locomotives required for 
a given traffic. 

At one terminal approximately 18,000,000 gallons of water are 
treated monthly, eliminating 5 pounds of scale per 1000 gallons or 
a total of about 80,000 pounds per month. The cost for chemicals for 
this is about 4 cents per 1000 gallons or a total monthly bill of about 
$720.00. The length of life of flues using the straight raw water 
before the installation of the softening plants was from 8 to 12 
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months with serious trouble on account of frequent leaks. The loco- 
i^ motives now using the straight treated water average i8 months be- 

tween shoppings and the trouble with leaky flues is practically 
eliminated. 

At another terminal about 30,000,000 gallons of water are treated 
monthly, removing 3 pounds of scale per 1000 gallons or a total of 
about 90,000 pounds. Prior to the installation of the softener, five 
. boilermakers, days, and four boilermakers, nights, were employed 
caulking flues. After treating plant was put in operation this was 
reduced to one man, days, and one man, nights. The saving in this 
one item alon^ is $5712.00 per year on an $8000.00 investment. The 
life of the flues has increased from 8 to 12 months. 

In most cases where softening plants are installed the foaming 
conditions are increased, especially for the first few days after the 
treatment is started, due to the fact that the old scale in the boilers is 
loosened and, falling off, increases the amount of suspended matter 
in the water, making a dirty boiler which, seems to be the most im- 
portant of the contributary causes of foaming. 

To soften a water to three grains per gallon or less of incrusting 
salts, which is the object in most cases, demands a purity in this re- 
spect of 3 parts in 58,341 or 99.995 per cent. This merely shows the 
deceptiveness of reporting water softening on the percentage basis, 
for although sounding complex, it is a comparatively simple matter. 
However each individual water has its peculiarities such as tempera- 
ture at different seasons and the difference in content of magnesium 
salts which slow up the reaction and without due allowance for same 
leave a milky water as a final product. Creek waters of course change 
with the precipitation and I have also found that in some parts of 
the country well waters become softer in winter while others get 
harder. 

So far the development of water softening on a large scale has 
centered around lime and soda ash as the chemicals which produce 
the results for the least cost. However, barium hydrate is the ideal 
reagent on account of its leaving no detrimental byproducts as in the 
case of soda ash. So far the expense has retarded its development 
Numerous boiler compounds, through the high degree of exploitation 
given, have been tried by a few railroads but investigation would 
show that even where the work desired was doije the cost greatly ex- 
ceeds that of the recognized methods. Inert powdered graphite is now 
being largely exploited as a cure-all for scale troubles, but its economi- 
cal merits are yet to be proved. The "sunlight on corrugated alum- 
inum" a patented process, which was supposed to render the scaling 
material inert in the water without removing it chemically has been 
tried at several points in this section and seems to have proven un- 
worthy. The Permutit water softener, the artificial zeolite, discussed 
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by Mr. J. F. Garrett at our last meeting has the objection in railroad 
work of replacing the incrusting carbonates with sodium carbonate, 
that is, waters which are sufficfently hard to warrant the expense of 
treatment as a rule contain sufficient incrusting carbonates, which if 
replaced by sodium carbonate could not be used on account of foam- 
ing properties. Therefore it would seem that common lime and soda 
ash will continue to remain in service. 

DISCUSSION. 

Huenink: How much time is necessary for the reaction to take 
place ? 

Bardwell: The time for reaction depends on the temperature of 
the water, content of magnesium salts, and the thoroughness of the 
mixing given the chemicals and the water. In the intermittent system 
we figure on 30 minutes thorough agitation with air and then two 
hours for the sludge to settle and give a good clear water. In a con- 
tinuous system where the upward flow of the water hinders the set- 
tling it is advisable to allow four hours flow between the place where 
the chemicals are mixed with the water and the place where the 
treated water is drawn over into the storage tank. In all cases a 
slight overtreatment with lime will push the reaction to completeness 
and hence shorten the time. 

Pownall: Have you made any tests to determine the amount of 
alkali salts in the boiler which will cause foaming when no anti- foam- 
ing compound is present ? 

Bardwell : We have made a few tests. Without the use of anti- 
foaming compound the concentration can be run up to about i8a 
grains per gallon in passenger locomotives and to about 200 grains 
per gallon in freight locomotives. If the foaming salts contain a high 
percentage of common salt the allowable concentration is lowered from 
10 to 30 grains per gallon. With the use of an anti- foaming compound 
w^hich we manufacture at Kansas City, 293 grains per gallon is the 
highest concentration we have found in a passenger locomotive. In 
a recent test with a 105 ton freight engine the concentration was run 
up to about 350 grains per gallon without trouble from foaming 
though full tonnage was handled. 

Ely : What is your opinion of graphite. We have been using it 
instead of a boiler compound and find it very successful for stationary 
boilers. 

Bardwell: Powdered graphite has been recognized for some 
time as beneficial for loosening scale. Recently it has gained promin- 
ence through extensive exploitation and advertisement by several large 
graphite companies. It will unquestionably soften the hard scale but 
common mud will sometimes do that, and as far as its actual merits 
are concerned there is still considerable controversy. As far as 
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tjt j economy is concerned the general advice is to use 3 ounces per 1000 

gallons, making the cost for treatment about 2 cents per 1000 gallons. 
The only experience I have had with graphite has been in stationary 
boilers at Falls City, Neb., the boiler water containing 18 grains per 
gallon of total hardness, of which about 8 grains were sulphate hard- 
ness, formed a very hard scale. With the use of powdered graphite 
t a scale of about the same thickness formed but it was soft and the 

time taken to clean the boilers was reduced from 3 days to one-half 
day. I do not, however, like to draw general conclusions from this 
one case. 

Pownall: Mr. Bardwell has brought out the foaming troubles 
caused by the use of soda ash. The barium hydrate process mentioned 
is rather expensive at present. Barium carbonate is used in Germany. 
I do not know of any being used in this country to the present time. 
The University of Illinois could do a good work by investigating the 
tarium carbonate process. The railroads are so poor that they have 
to rely on some one else to do such work. 
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RATES AND THEIR RELATION TO METERS. 



BY F. E. HERDMAN.* 



Public Utility rates of the past and many ,of those of the present 
will not stand analysis and the only explanation for their existence 
is either selfishness or ignorance or both, certainly not the public good 
of the community served. 

The flat rate — one of the most vicious of human conceptions, 
encourages the unprincipled to waste just because they do not pay for 
that waste, and whom does it benefit — those who want an abundance 
but do not wish to stand the cost of it ; and who pays this cost — those 
who use economically and are watchful to prevent waste. To be sure 
all pay to a certain extent (though they do not realize it) but the 
burden is on the careful ones, the small consumers who are entitled 
to better treatment. 

Most privately operated public utility properties have broken 
away from the flat rate, not being able to withstand the waste which 
it encourages, but municipally operated public utility properties (mostly 
water) are slower in abandoning the flat rate — though I cannot con- 
ceive why. Such arguments as I have heard for its continuance are 
not what you would classify as sound. 

The meter is a great advance toward intelligent and equitable 
rates as it registers against each consumer his consumption. If he 
is wasteful, he is the one who suffers, if he is economical, he is the one 
who gains. The consumer pays for what he gets and he can have all 
he chooses to pay for. 

But the meter does not cure all the inconsistencies of rates. 

The cost of the metered water is: 
General expenses & fixed charges. 
Operating expenses & maintenance of pumping system. 
Maintenance of the distributing system. 
Depreciation. 
From these is obtained the cost per looo gallons. 

Generally, rates are on a sliding scale, high for small consumptions 
and low for large consumptions, one often being several times as large 
as the the other and with no restriction as to the character of consump- 
tion. The cost of every looo gallons of such service is the same and 

*Mgr. and Engr. of Water and Light Properties, Winnetka, 111. 
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unless the factor of profits is of the same ratio to the cost per looo 
gallons as the high and low rates, the large consumer is paying less 
than actual cost and the small consumer is making up the difference, 
neither from the stand-poin^: of profit would it be equitable for the small 
consumer to pay all the profits. 

Considering a consumer of 10,000 gallons per day and ten con- 
sumers of 1000 gallons each a day ; for the same service the ten 1000 
gallons to the one consumer and the ten 1000 gallons to the ten con- 
sumers, cost practically the same to deliver with exception of the 
clerical work and that is too small a fraction per 1000 gallons to 
make a change in rate. If these ten consumers combined there would 
be no question. 

Now I will show you where any one of these ten small consumers 
might be entitled to more consideration than the large consumer. 
If his consumption were a small steady stream, the demand on the 
main and on the pumping system would be far less, proportionately, 
than that of the large consumer with the usual intermittent use. You 
may say that the large consumer would be of this character of con- 
sumption rather than the small. That depends entirely on what is 
supplied; if two residences of the same size — yes, a small home and 
a mansion — no. In fact I have seen the maximum demand of one 
large consumer far more objectionable than that of the number of 
small consumers to make up the same consumption, all being of the 
same class of service. 

We all recognize that a pumping plant with a certain pumpage 
can often take on additional pumpage, at the cost of even less than 
cost, for the sake of distributing its cost over a greater pumpage, but 
while this is shrewd business, it will not stand the analysis of to-day 
for fair and equitable rates to the consumer. 

I believe this is the reason for many of the large consumption 
scheduled rates as analysis of costs cannot sustain their equitability. 

Now as to the size of meter — a consumer cannot be allowed to 
dictate the size of meter though the water property should permit 
adequate size for the service if it is able to handle that service. It 
is a loss to permit a larger size of meter than necessary, diie to the 
efficiency of the meter and the cost of the same. As to the proper 
size for domestic service, I know of no dependable rule — there being 
such variety of conditions to affect it, even the requirement of dif- 
ferent families being a material factor. 

The size of the meter is and should be a guage as to the maximum 
demand of that service ; and the minimum charge — which might be 
designated a "ready to service" charge — should be in proportion to the 
size of meter. In fact, somewhat proportionately larger as the size 
of meter increases, judged according to the capacity of the system. 

As to the rate per 1000 gallons — In an entirely residence district. 
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the conditions of service are practically the same, therefore the cost 
per metered looo gallons is the same, the demand on the mains and 
pumping system is the same. Such being the case there should be only 
one rate per looo gallons. 

With commercial interests using water, a somewhat different 
condition often arises; that is, a continous consumption throughout 
the day where there is no maximum demand requiring greater ca- 
pacity of mains and pumps as is the case of the usual domestic con- 
sumption. Such consumption is entitled to rates on the basis of the 
lesser investment in pumping and distributing system required for 
such servic^. 

If there are consumers using water only at times when the pumps 
and mains are not otherwise taxed or through independent mains, 
such restricted use would allow of further legitimate concessions in 
rates, but rates made to one or more consumers no matter how large, 
on the basis that expenses and profits are already cared for and these 
additional consumers will be a benefit at a much reduced rate, because 
they increase the pumpage and therefore lesson the fixed charges per 
lOOO gallons, while shrewd business, will not meet the requirements 
of the day, that the patrons of a public utility company are entitled 
to — fair rates. It would seem fairer to say that the new consumers 
should pay the full rates for awhile and the old ones have the reduced 
rates as a relief from past experiences. 

The cost of puting the water in the mains is the first factor of 
cost. If this pumpage can be increased so as to reduce this cost and 
to such an extent as to warrant a reduction in rates then all are en- 
titled to that reduction, not a few. The same is true of the other 
factors of cost, distribution and general and fixed charges. 

To Sum Up: 

Flat rates are vicious and obsolute and to-day there can be no 
excuse for their existence. e 

The meter affords an opportunity for intelligent and equitable 
rates. 

A sliding scale of rates on the basis of consumption is neither an 
equitable or an intelligent basis for rates. 

Because the demand of a large consumer on the mains and pump- 
ing plant may be, and probably is, in the same proportion as that of 
the smaller consumer, and therefore each lOOO gallons delivered under 
that large consumption is of the same cost as each looo gallons de- 
livered under the smaller consumption and therefore subject to the 
same rates. 

Because every looo gallons delivered by the pumps and passing 
through the distributing system during the period of maximum de- 
mand is of the same cost whether consumed by a large or small con- 
sumer, and therefore subject to the maximum rate. 
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Because the object sought is to increase consumption to the maxi- 
mum capacity of the plant while an increase of consumption under 
the sliding scale may, and without question a large proportion of it 
will, increase the maximum demand in proportion and therefore de- 
feat the desired object and to that extent produce unfair rates as it 
creates two prices for the same service. 

Because small consumers can and do, do as much towards check- 
ing their maximum demand as large consumers and by so doing are 
entitled to the same proportional benefits as large consumers. 

The correct system of rates is that all consumption during the 
maximum demand on the mains and pumping plant shall be charged 
for at the maximum rate. That all additional consiunption shall be 
charged for at lesser rate or rates based on the smaller investment 
required for such service. As all would have the same opportunity 
for advantage under this lesser rate it could fairly be figured on a 
closer margin if judgment so dictated. 

Any special conditions of very large supply direct from the 
pumping plant may produce special rates : but like factors of cost must 
be considered in like manner for such rates. 

To place this in practical form: 

The size of meter used should be in accordance with the maximum 
demand of the consumer and therefore its area, approximately meas- 
ures his maximum demand and we have for the different sizes of 
meters the maximum demands as follows : 

^ inch meter i 

^ inch meter ~i-44 

1 inch meter 2.56 * 

iJ/2 inch meter 5.76 

2 inch meter 10.24 

3 inch meter 23.04 

4 inch meter 40.96 

Taking X as the total consumption in cubic feet under the maxi- 
mum rates for a ^ inch meter, we have the consumption to be charged 
for at the maximum rate for the different sizes of meters as follows : 

5^ inch meter i x 

% inch meter 1.44 x 

1 inch meter 2.56 x 

13^ inch meter 5.76 x 

2 inch meter 10.34 x 

3 inch meter 23.04 x 

4 inch meter 40.96 x 

The consumption beyond this would be under the lesser rate. 

The value of X should be the maximum domestic consumption 
supplied by a 5^ inch meter. 
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The minimum or what can be considered the ready to serve charge 
should also be in proportion to the maximum demand measured by 
the area of the meter. This charge is essential. 

This I believe treats all with equal fairness charging all alike for 
that portion which taxes the maximum capacity of mains and pumps ; 
and a lesser amount for all beyond that amount, thereby giving full 
credit to the consumers of large consumption and proportionately 
small maximum demand. 
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THE PROPOSED NORTH SHORE SANITARY DISTRICT. 



BY DAVID H. JACKSON.* 



There is a stretch of country lying along the west shore of Lake 
Michigan, extending from Evanston to the State line which is com- 
monly known as the North Shore. It is for the most part heavily 
wooded, is high above the Lake and seems particularly adapted for 
residence purposes. The people of Chicago have recognized its 
beauties and its many other attractions and during the past twenty 
years have been moving there in ever increasing numbers so that to- 
day there is a solid city from Chicago to Lake Bluff, extending back 
on an average of two miles from the Lake Shore. 

In this stretch of territory are located the municipalities of Ev- 
anston, Wilmette, Kenilworth, Winnetka, Hubbard Woods, Glencoe, 
Highland Park, Highwood, Lake Forest and Lake Bluff and the 
Government Reservation at Fort Sheridan, while a mile or two north 
of Lake Bluff comes North Chicago with its rapidly growing indus- 
tries and immediately adjoining it Waukegan with a population of 
twenty thousand people. These towns all lie almost entirely on the 
narrow watershed which drains into Lake Michigan and have always 
poured their refuse and sewage into that body of water from which 
in turn they and their neighbors have been drawing their water supply. 
Indeed until recently all of such sewage was run into the Lake in its 
raw untreated form and while the territory involved has never, from 
a sanitary point of view, reached as low a level as some other places 
near Chicago, yet it is building up with such tremendous rapidity 
that in a short time the sanitary conditions will be deplorable unless 
definite action is taken to change the policy now pursued. 

Ever since 1908 some of the further sighted residents in this 
territory have been making efforts to bring about a change in policy 
and to that end have spent much time and a great deal of money on 
the work, as your secretary. Dr. Bartow, can testify. That part of 
the territory under discussion lying inside of Cook county, including 
the municipalities of Evanston, Wilmette, Kenilworth, Winrletka, 
Hubbard Woods and Glencoe, is part of the Chicago Sanitary Dis- 
trict and will soon cease polluting the Lake though no actual relief 

has been given up to this time. However, there still remains to be 

* 

♦Attorney for the North Shore Sanitary Association. 
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provided for, the territory extending from the Cook county line to 
the north boundary of Waukegan, and eventually to the State line; 
but as no sewer systems dumping into Lake Michigan exist north of 
Waukegan it is not imperative that anything be done north of that 
city immediately. From and including Waukegan, south to Cook 
county, conditions are rapidly becoming a menace to the health of 
the residents in that territory and indirectly to the health of the citi- 
zens of Cook county. In 1890 the population of this strip of terri- 
tory, roughly speaking, was nine thousand. In 1900 it was almost 
16,000 and in 1910 it was 30,000 and by 1920 it will undoubtedly be 
not less than 45,000. As I said before ever since 1908 certain people 
have been working on the problem but much of their work has con- 
sisted in accumulating facts and promoting a campaign of education. 
For instance during a period of five weeks or more samples of water 
were taken from fixed points in Lake Michigan every day that the 
weather would permit and the samples were analyzed by the chemists 
in the laboratory of the Chicago Health Department and the results 
carefully tabulated. The work was done under the direction of Dr. 
Bartow, Dr. F. O. Tonney and Mr. Langdon Pearse and inasmuch 
as samples were taken from Evanston to Waukegan daily, when the 
weather permitted, at about sixty points extending four miles into 
the Lake, a fairly accurate conclusion could be arrived at as to the con- 
dition of the water along the North Shore. The results of this survey 
together with articles by Mr. Pearse, Dr. Evans and Dr. Bartow were 
then published in pamphlet form and between eight and nine thousand 
copies distributed. Many meetings were also held and as a result 
of all these activities a bill was introduced in the Legislature and 
passed which grants' permission to organize a sanitary district in Lake 
county. Now, pursuant to that law, steps are being taken to organize 
such a district. The proposed sanitary district will be named the 
North Shore Sanitary District and will include all of the municipali- 
ties I have named in Lake county and- generally speaking will include 
the Lake Michigan watershed in Lake county as far north as the 
north limits of Waukegan. Before the district can become a fact 
the question must be voted on and this will be done at the election to 
be held on April the seventh next, so that now we are busily engaged 
in educating the citizens to the importance of a favorable vote. As 
usual there are factions who oppose the district and there is, of course, 
the common disinclination of tax payers to take on a heavier burden, 
and finally there is the biggest obstacle of all, the natural inertia of the 
voters and their reluctance to take a positive stand on such questions. 
At any rate as a result of the work already done the public gen- 
erally recognizes the fact that sooner or later the present method of 
disposing of sewage must be abandoned and most of them are be- 
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ginning to believe that before long the Federal Government will step 
in and put a stop to dumping the sewage into Lake Michigan. 

You gentlemen being practical engineers and experts know that 
to work out the solution of such a problem as confronts the North 
Shore will require considerable time. But the time which will be re- 
quired in developing plans is a small part of the time.that will be re- 
quired before those plans can be put into operation. If the people up 
there delay they will find themselves one of these days in- a position 
where they will be compelled to act hurriedly and it scarcely seems 
necessary before a body of men like this to point out that work of this 
kind done in haste is likely to be poofly done and unsatisfactory. 

Men who have had considerable to do. with public bodies, I think, 
all recognize the fact that a city or village of medium size does rather 
poorly the things which are not attracting the public attention. There 
are so many demands on cities nowadays to take up all sorts of work 
and to spend money on all kinds of things, that as a result any ordinar}^ 
unattractive thing like sewage disposal is likely to be neglected. Then 
also such matters can be handled on a large scale much more ecomi- 
cally than on a small scale and are much more likely to be efficiently 
done. ' 

There are today six septic tanks in the territory under consider- 
ation, three being in Highland Park, one, the oldest, in Lake Forest,, 
and one each in North Chicago and the Naval Training Station at 
North Chicago. None of these has contact beds I believe, except the 
old one at Lake Forest and that whole plant is outgrown and dilapi- 
dated. Highland Park probably has done the best work on sewage 
disposal but now that town is not taking the interest it formerly did. 
The most enthusiastic worker there died a couple of years ago and al- 
ready, I am informed, the efficiency of the plants is falling off. How- 
ever, the health authorities and many citizens are demanding, that if 
a district be not organized, that more disposal plants of some 
kind be constructed. The result of this will be that more public money 
will be invested in plants which will always be unsatisfactory under 
municipal control and are bound to^e discarded in a few years at 
most. 

K the situation is to be permanently relieved in the near future 
and if the public money is not to be spent in temporary makeshifts 
it would seem the part of wisdom for the voters at this time to act 
favorably on the matter. 

And now, if you gentlemen believe as I do, you can help us in this 
work by giving us an expression of your opinion in the form of a 
resolution which can be presented to the voters to let them see how 
experts look upon the subject. 

There is no plan of work adopted yet and none can be until an 
orgaiwzation has been created which has power to act and that is the 
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reason why we are anxious to effect such an organization at the earli- 
est possible date. W^ can, however, say that in general there are 
three plans which might be adopted. First, divert the sewage from 
the lake into the Wilmette Channel of the Chicago Sanitary District,, 
second, treat the sewage partially and run the effluent into the Lake 
and, third, remove the solids entirely and purify the effluent in some 
way and then run it into the Lake. In a paper of this length however,. 
I cannot do more than mention these plans and anyway it would be 
unseemly for me, a lawyer, to discuss such a technical subject. 

DISCUSSION. 

A committee was appointed to frame a resolution. Later in the 
session they presented the following resolution, whi<!h was adopted. 

Resolved, that the Illinois Water Supply Association endorse the 
formation of a North Shore Sanitary District in Lake county, as a 
means of attaining concerted and efficient action in solving the sewage 
disposal problem of the district. 

W. J. Allen, 
A. N. Talbot, 
W. Lee Lewis, 

Committee, 



ItEMOVINa GAS FROM WATER USED FOR DRINKING 
PURPOSES. 



BY C. D. O CALLAHAN.* 



In presenting to the Association our experience in the matter of 
removing obnoxioqs odors from drinking water, it is not our aim to 
■claim a remedy for purifying water, but rather to explain what was 
done in the hope that the scheme or a modification of it may be of 
help in other localities to improve the character of drinking water. 
The general description of the well in question, may assist in giving 
an understanding of the situation. 

The contract for the well was let September, 1910, to the Ohio 
Drilling Company, and work was actually started. in November of the 
same year. Specifications called for a hole of sufficient diameter to 
permit the insertion of the fourteen inch O. D. casing to a depth of 
two hundred feet. The hole was then to be reduced to a twelve inch 
bore, and this size continued to the bottom, if possible. When a depth 
of two hundred feet had been reached, fourteen inch casing was in- 
serted and the twelve inch bore started from that point. At a depth 
■of two hundred and twelve feet, oil was encountered in the shale rock 
and it was decided to remove the large casing and continue the bore 
of sufficient size to permit fourteen inch O. D. casing through sliaie 
rock. This was done and the large casing inserted to a depth of three 
hundred and twenty-five feet, sealed on the outside with Portland 
cement grout up to the surface of the ground. Drilling was then con- 
tinued to a depth of about eight hundred feet, where, on account of 
caving material, one hundred feet of ten and five-eights inch liner 
were inserted. The top of this liner is seven hundred and ninety-seven 
feet, and the bottom is eight hundred and ninety-seven feet below the 
surface. The bore was then reduced to ten inches, and continued to the 
bottom at this diameter. The total depth of the well is one thousand 
five hundred and seventy feet. 

No indication of oil appeared on the drilhng tools at any time 
after inserting and sealing the large casing, and we had every reason 
to expect that all contamination had been cut off. When 
the pumps were started; instead of pure water we had a mixture of oil 
with a strong gas odor. Pumping was continued for some time with 

•City Engineer, Joliet. Ulinois. 
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the hope of exhausting this oil. In this we had little success, as the 
water remained unfit for use. It was decided to remove the pumps 
and insert another casing to a depth of about six hundred feet. We 
did this and on the bottom of the casing we put in, what is termed 
"Wall Packer, its object being, by expanding against the wall of the 
well to prevent anything entering the welt from above. The pumps- 
were reset on their foundation and again started. The water, while im- 
proved a little, was still unfit for use. We then released the packer, 
pulled six hundred feet of casing out and reset it with the packer 
to a depth of seven hundred ninety-three feet, allowing the packer to 
rest on the ten and five-eighths inch liner, already mentioned. The 
pumps were started again but the water was very little improved. 
Pumping was continued for about one year with no improvement 
in the water. 

It was the writers opinion, that if a means of aerating this water 
could be provided, the oil and gas might be removed. Together with 



Device for Removing Gas and Oil from Well Water at Joliet. 

Mayor Wood of Joliet, a visit was made to Urbana to consult and 
advise with Dr. B*rtow of the State Water Survey. An analysis 
showed that the water contained oil. To determine whether aeration 
would effectively remove it, a small plant was constructed that would 
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take about one-sixteenth of the flow of the well. This was constructed 
in the form of steps with a tank at the bottom of the steps. The water 
from the well was allowed to Isplash down these steps and into the 
tank. At the base, the air from a small air pump was forced through 
the water and while the means were crude, they indicated that a prop- 
erly constructed reservoir on the same general order would make 
the water usable. Accordingly, permission was asked of the City 
Council for authority to change the machinery at this well and install 
.an air lift for blowing the well. 

A concrete reservoir (See Figure) seventy-five feet long, twenty- 
feet wide and seven feet deep was constructed, being divided into com- 
partments of about six feet each, with a center wall passing longitud- 
inally through the reservoir. At one end a series of steps was con- 
^tructedj and the water from the well was delivered into a compart- 
ment from which it flowed over the series of steps, breaking up into 
•drops. The partition, forming the several compartments in the reser- 
voir, acted as baffles, the water passing over one and under the next 
•one and so on up one side and back on the other, the partition wall in 
the center forming practically two reservoirs. 

A system of pipes was laid leading into each compartment of the 
reservoir. These pipes were perforated and rested on the bottom of the 
reservoir. Through the pipes, air was delivered to each compart- 
ment at a low pressure simply allowing the air to bubble up to the 
surface, causing very little agitation on the surface of the water. The 
water as it was delivered from the well had a strong odor of gas and 
•contained in emulsion some oil. This oil was brought to the surface 
by means of air flowing through it and was collected on the partitions 
and sides of the reservoir. The gas was released by the water being 
broken into particles over the steps and also by the air passing through 
the water. Considerable of the oil and grease collected on the sides 
of the first compartment in the reservoir, which receives the water 
after passing down the steps, and also of the next and succeeding com- 
partments, so that when the water had traveled around to the last 
compartment from which the suction main of the pump drew it, no 
oil appeared on the surface or sides and the odor of gas was entirely 
-eliminated. 

The water from this well has been delivered into the distribu- 
tion mains of the City for the past five months, and no complaints have 
been made from any of our citizens. In fact the water is as tasteless 
and odorless as any of the artesian water. This well delivers about 
one million gallons per twenty-four hours. The city had expended 
about twenty thousand dollars in drilling and equipping this well. By 
making this water fit for use, at least $20,000 was saved the city. The 
-cost of the necessary change in machinery and the construction of the 
reservoir was less than three thousand dollars. 



PUBLIC CONTROL OF WATER SUPPLIES IN ILLINOIS. 



BY JOHN A. FAIRLIE.* 



The law of waters and water rights in the United States has been 
for the most part regulated by the several states, subject, however, to 
the power of Congress to regulate interstate and foreign commerce 
(including the control of navigation and navigable streams in the in- 
terest of commerce), and to a greater control by the United States 
over waters on public lands and on international boundaries. In 
Illinois, as in most of the states, the earlier law on the subject was 
based primarily on the protection of private rights; and indeed in 
Illinois the jpublic interest was — and in some respects still is — less 
clearly recognized than in many other states, and much less than in 
most foreign countries. But public regulation and control has come 
to be more definitely authorized in later years, both through local and 
state authorities. This public control has, however developed in a 
haphazard and unsystematic manner ; it is vested in a variety of public 
authorities with overlapping and conflicting jurisdiction; while as yet 
there has been no serious attempt to deal with the subject in a compre- 
hensive manner. 

Judicial Rulings. Owing to a misunderstanding of early English 
•decisions, and the literal application of this erroneous view of the 
English common law to vastly diflFerent conditions in this country, the 
Supreme Court of Illinois decided in 1842 that streams above the 
tide — even such rivers as the Mississippi, Ohio, Illinois and Wabash — 
^ere not navigable in law, and that the riparian proprietors could 
claim exclusive ownership in the soil and fisheries to the middle thread 
of the current, subject however to a public easement of navigation. (a) 

♦Professor of Political Science, University of Illinois and Director Illinois 
Economy and Efficiency Committee. 

(a) Middleton v Pritchard, 3 Scammon (4 111.) 509-19 (1842) ; 
Ensmeyer v People, 47 III, 384, 388 (1867) ; 
Chicago V McGinn, 51 111., 266, (1869) ; 
Braxon v Bressler, 64 111., 488 (1872). 
The English cases had held that land under tidal waters was vested in the 
Crown, and that the beds of non-navigable streams above the tide were private 
property; but (as has been decided in recent English cases) left undetermined 
the ownership of the bed of navigable streams above the tide. Chancellor Kent 
appears to be responsible for the misunderstanding of the English law. 3 Kent's 
Comn. 427, etc 
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Most of the American States and the United States courts have 
declined to apply this doctrine to the large fresh water rivers in this 
country, which are navigable in fact. Even in Illinois, the Supreme 
Court more recently has held that it is not applicable to fresh water 
lakes and ponds, (a) But the rule in the case of rivers has served 
to' emphasize the rights of private owners as against those of the 
general public over these large bodies of water. 

In the same year as the first decision as to the title of riparian 
proprietors to the bed of streams, the Illinois Supreme Court recog- 
nized an important distinction in the uses of water, in determining the 
rights of different proprietors. Water for domestic purposes, includ- 
ing water for stock, was held to be of greater importance than w^ater 
for irrigation or manufacturing; and where there was not enough for 
all purposes, the latter must yield to the former (b). In a more 
recent case between the city of Elgin and a water power company, 
this ruling has been applied and extended, so as to recognize the uses 
of the general public as superior to those of private parties, — the court 
holding that the right of the public to take water for domestic, sanitar}- 
and fire purposes is paramount to the rights of the owners of water 
power to use the same for the purpose of propelling the machiner}- 
of their mills (c). 

Early Legislation: In view of this later emphasis on the use 
of water for municipal purposes, it is worth noting that the first legis- 
lation in Illinois showing a public interest in the use of water had to 
do with its use for power purposes. The first General Assembly of 
the state passed in 1819 an Act in regard to mills and mill dams — taken 
from an earlier Act of the territorial legislature of Indiana, which in 
turn was derived from a Virginia statute. This act recognized the public 
interest in water grist mills by authorizing the condemnation of pri- 
vate property for the construction of mill dams ; and at the same time 
established public control over such mills by regulating the rates of 
toll. These principles have been followed in later Acts and are still 
in force. In an Act of 1872, the right of eminent domain was extended 
to the erection of dams for saw mills and other public mills or ma- 
chinery ; but the Supreme Court has held that the" earlier laws were 
based on the public character of grist mills, and that the condemnation 
of lands for dams for other purposes was unconstitutional (d). This 
ruling shows the attitude of the court in limiting the recognition 
of the public interest in the use of water for power purposes. 

In the construction of the Illinois and Michigan canal and the im- 



(a) Trustees of Schools v Schroll, 120 111., 509 (1887). 

(b) Evans v Merriwether, 3 Scammon,, 491, 495 (1842). 

(c) Elgin V Elgin Hydraulic Co., 85 111. App. 182 (1889). 

(d) Gaylord v Sanitary District, 214 111., 576 (1903)- 
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provement of the Illinois and Little Wabash rivers, the State es- 
tablished direct control over these waterways for navigation pur- 
poses. Since 1872 the canal and Illinois river improvements have been 
under the management of a board of canal commissioners. 

Municipal Powers : Until recent years most of the public control 

over waters in Illinois has been vested in the local authorities of cities, 

villages, towns and drainage districts. The beginning of legislation 

authorizing such local control is to be found in the special charters 

and Acts.relating to local government, which cannot be here examined. 

But it may be noted that the cities and villages Act of 1872 authorized 

these mtmcipal corporations to construct and repair drains, sewers 

and cess-pools, to regulate the channel of water courses, landing places 

and anchorage of water craft, and "to provide for the cleansing and 

purification of waters, water courses and canals, and the draining 

or filling of ponds on private property, whenever necessary to abate 

nuisances." A year later, an Act of the General Assembly authorized 

cities, incorporated towns and villages to construct and maintain water 

works, and for this purpose to condemm private property (a), while 

it was further provided that the jurisdiction of such city, town or 

village to prevent or punish any pollution or injury to the stream or 

source of water for the supply of such water works shall extend ten 

miles beyond its corporate limits. 

The revised township organization law of 1874 added to the 
powers of towns — to construct and keep in repair public wells or 
other watering places, and regulate the use thereof. 

Drainage Authorities: The drainage laws of Illinois provide a 
curious medley of local drainage authorities, subject to no effective sup- 
ervision. Under one Act, the county boards have power to preserve 
and improve ditches or drains constructed to drain swamp and over- 
flowed lands donated to the county by the state ; and for this purpose 
the county boards may form separate drainage districts and appoint a 
drainage commissioner for each district. 

By another Act, to provide drainage for agricultural and sanitary 
purposes, the commissioners of highways of each town are made 
drainage commissioners ; provision is made for forming drainage dis- 
tricts, union districts, special drainage districts, river districts, and 
districts by mutual agreement, and for recognizing voluntary districts ; 
and the election of commissioners for most of these kinds of districts 
is authorized. 

Still another Act provides for the organization of drainage dis- 
tricts for agricultural, sanitary or mining purposes, on petition and 
hearing before the county court ; and for the appointment by the county 
court of commissioners for 'districts organized under this Act. 

(a) By an Act of 1893 private water works companies are also authorized 
to condemn property for the construction of reservoirs and pipes. 
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Under these various and complicated laws hundreds of drainage 
districts have been organized throughout the state, with no supen-ision 
except that exercised by proceedings in the courts. These districts 
are in many respects more Hke private associations than public author- 
ities. The only records as to the existence of districts have been scat- 
tered through the town and county offices; and there has been no com- 
plete list of districts even in a single county. i 

In addition to the large number of local drainage districts orga- 
nized under these laws, two districts of special importance have been 
established under the provisions of optional laws framed with special 
reference to the districts concemed,^the Sanitary District of Chicago, 
and the East Side Levee and Sanitary District, for the region about 
East St. Louis. 

STATE AUTHORITIES. 

State Board of Health: The State Board of Health was esta- 
blished in 1877; and the second annual report of this board (for 1879) 
contains a report by the Secretary on the Pollution of Illinois River 
by Chicago sewage. This was followed by other and more detailed 
investigations, of which the following may be noted: 

A report on the water supplies of Illinois and the pollution of its 
streams, in 1889. 

Advance Notes of Sanitary Investigations of the Illinois river 
and its tributaries, ictop. 

Report of Sanitary Investigations of the Illinois. Mississippi and 
Missouri rivers, 1904. 

In recent years the State Board of Health has co-operated with 
the State Water Survey in investigations and reports on municipal 
water supplies. 

Fish' and Game Commission: The Fish Commission, established 
in 1879, which has been replaced by the Game and Fish Conservation 
Commission in 1913, has authority over fish and fisheries in the waters 
of the state. It enforces the laws regulating fishing and requiring 
the construction of fishways in connexion with dams and other ob- 
structions ; and it maintains fish hatcheries and takes measures for the 
propagation and increase of food fishes. 

Natural History Laboratory: The State Laboratory of Natural 
History, which is located at the State University, has in recent years, as 
a part of the natural history survey of the state, concentrated its 
work' on a study of the effect of the pollution of the natural waters of 
the state upon aquatic biology. 

State Water Survey: By an Act of 1897, the State Water Sur- 
vey was estabHshed, under the direction of the trustees of the State 
University, to make a chemical and biological study of water supplies 
in the state for domestic and manufacturing purposes. By Act of 
1911, the work of the survey was extended, by authorizing the employ- 
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ment of field agents to inspect water supplies and to make sanitary 
investigations and analyses of water. In addition to published reports 
of general investigations, a large number of special chemical and en- 
gineering investigations have been made of existing and proposed water 
works and sewer systems. 

State Geological Survey: The State Geological Survey, esta- 
blished in 1905, has published several bullentins on water supplies in 
Illinois. Recently it has been charged with making surveys and studies 
of lands subject to overflow with a view to their reclamation. These 
reclamation surveys are made in co-operation with the Rivers and 
Lakes Commission, the United States Geological Survey and the Un- 
ited States Department of Agriculture. 

Rivers and Lakes Commission : The Internal Improvement Com- 
mission of 1905 made extensive investigations relating to the projected 
deep water-way from Lake Michigan to the Gulf of Mexico, includ- 
ing the improvement of navigation routes, the development of water 
power, and the reclamation of lands. A joint-committee of the 
General Assembly of 1909 made an investigation of submerged and 
shore lands with reference to encroachments on the right^of the 
state on the public. 

Following these temporary bodies, there was established in 191 1 
a Rivers and Lakes Commission, with jurisdiction and supervision 
over all the rivers and lakes of Illinois. The scope of the commission's 
authority covers a wide variety of work. It is to collect data as to 
public waters, in relation to navigation, water power, floods and the 
propagation of fish, to investigate complaints and prevent encroach- 
ments, to publish data for reclamation projects and to make plans for 
public reservations. Under the amended law of 1913, plans for works 
in public waters must be submitted to and be approved by the commis- 
sion, and the commission is given power to subpoena witnesses and 
administer oaths. Appropriations also have been made to the commis- 
sion for repairing levees on the Ohio river. 

The powers of the Commission are however limited by a provis- 
ion that its authority is not to affect the powers of the Canal Commis- 
sioners, the Sanitary District of Chicago, park commissioners, or 
structures erected by municipal authorities. 

The Commission has collected a large amount of data, and has 
published a number* of reports on water resources and on reclama- 
tion, navigation and harbor projects. Some complaints have been 
received, and a few plans for drainage and sewerage works have been 
submitted for approval. 

Public Utility Commission: The State Public Utilities Commis- 
sion, which was organized at the beginning of 1914, has jurisdiction 
over all private corporations or individuals owning or operating water 
or power plants, or acting as wharfingers, but its powers do not ex- 
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tend to municipal plants. It has extensive authority over reports 
and accounts; capitalization, mergers and intercorporate contracts; 
and rates, services and facilities. A certificate from the commission 
is necessary to authorize any new plant by a private company or in- 
dividual ; and the operation of the undertaking may be brought under 
its active control and regulation. 

Need for Co-ordination : There seems to be clear need for a better 
co-ordination of the public authorities having jurisdiction over public 
waters and water supplies in Illinois. In addition to the local authori- 
ties in towns, drainage districts, villages and cities, there are no less than 
eight state bureaus having some authority and jurisdiction in rela- 
tion to water. Each of the state authorities is substantially independ- 
ent of the others, although there has been active co-operation between 
several of the state offices. Moreover none of the state bureaus have 
any effective supervision over the local authorities; and these in turn 
are legally independent of each other. 

Public interest in water problems arises from a number of dif-' 
f erent factors ; and it is by no means certain that all of these can be 
most effectively organized into one system of administrative organi- 
zation, ^ut there should at least be some readjustment and simpli- 
fication of the present confusing medley of distinct and conflicting 
authorities. To provide for an effective co-ordination of public con- 
trol, there is need for a thorough study of the existing laws relating 
to water problems so as to secure a geheral revision of such laws, 
a clearer statement of the powers of each state authority and their 
relations to each other and the local authorities. 
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ST. LOUIS RAPID SAND FILTER PLANT. 



BY EDWARD E. WALL.* 



St. Louis was probably the first city on the Western Continent 
to seriouly contemplate filtration as a method of purifying its water 
supply. In 1865, Mr. James P. Kirkwood, then chief engineer of the 
water works, was sent to Europe with instructions to investigate and 
study the processes of clarifying river waters there, so that some 
similar method might be adapted to Mississippi river water at St. 
Louis. Mr. Kirkwood reported to the Board of Water Commissioners 
the results of his investigation in 1865, <ind recommended slow sand 
filters, outlining a tentative design for their construction. 

The following year the work of building new water works for the 
city was started at Bissell's Point, although Mr. Kirkwood does not 
seem to have altogether lost hope for the adoption of his filter pro- 
ject until 1869, when he writes, "The public mind of St. Louis, so far 
as it has been expressed, does not yet seem inclined to consider fiil- 
tration important." 

The new works, completed in 1871, were designed to provide 
for clarification by sedimentation only, four settling basins being 
built, each 2yy feet wide by 600 feet long, and holding about twenty 
million gallons each. The city at this time was using about fourteen 
million gallons of water per day, so that the basin capacity was more 
than five times the average daily consumption. 

In 1875 when the average daily consumption was slightly above 
twenty million gallons, an increase of settling capacity was deemed 
an immediate necessity. Two years later, under the new charter of the 
city, the water works were placed in charge of a Water Commissioner, 
Thomas J. Whitman, who at once called attention to the inadequate 
settling capacity, recommending the passage of legislation to reduce 
the waste of water, which he estimated at fifty per cent of the total 
pumpage. Year after year Mr. Whitman emphasized the necessity 
of enforcing ordinances prohibiting the waste of water, but found 
the people unconvinced by his logic, just as succeding Water Commis- 
sioners in later years have met with the same unreasonable opposition 
on the same subject. So that against his better judgment he was 
forced to build more pumps to keep up with the consumption. No 

* Water Commissioner, St. Louis, Mo. 
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more settling basins were built and in 1884, during the extremes of 
temperature the water supplied the consumer was practically pumped 
directly from the river, since it passed through the basins so rapidly 
that little or no settlement took place. These conditions continued, 
increasing year by year in length and frequency of period, until in 
1887, it was decided to locate new. works at the Chain of Rocks. 

In 1885 the Board of Public Improvements recommended build- 
ing new works at the Chain of Rocks, and the construction of filter 
beds in the existing basins at Bissell's Point, with an alternate propo- 
sition of building the filters at the Chain of Rocks at an increased 
cost of $350,000,00, The filters proposed at that time were of the slow 
sand type estimated to filter two million gallons per day per acre, and 
of sufficient size to supply fifty million gallons per day. 

From August i8th, 1885, until Feb. 23rd, 1887, tests were run 
on experimental filters, to determine the comparative value of the up- 



Fig. 1. Experimental Filter Plant, St. Louis. 

ward and downward systems of filtration as applied to Mississippi river 
water at St. Louis. The raw water was applied to the filters without 
the use of any coagulant. 

The data obtained in these experiments does not seem to have 
encouraged the authorities to undertake filtering the river water, so 
that the construction of the Chain of Rocks low service pumpii^ sta- 
tion was designed with six settling basins, each 670 feet by 400 
feet in plan, and with a combined capacity of 180 million gallons. 
This plant was put in service in 1894. 

Again in 1900 plans for mechanical filters with a rated capacity 
of 120 million gallons per day were prepared, but the administration 
was not favorable to the scheme, principally because the people of the 
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• 
State of Missouri, as well as of the City of St. Louis, had been pre- 
judiced against the use of alum in baking powders, and the proposed 
use of alum as a coagulant in the preliminary treatment of the water 
supply was sufficient to kill the project. Thus filter construction in 
St. Louis was defeated for the third time in thirty-five year^. 

In 1903, the Water Commissioner, Mr, Ben C. Adkins, with the 
writer as his principal assistant was appointed by Mayor Rolla, Wells, 
with the express understanding that, before the opening of the World's 
Fair in May 1904, some scheme must be designed and put in operation 
to clarify the water supply. It is unnecessary to enter upon any his- 
tory or description of the experiments and methods used during that 
year, since the fact has been well advertised and is generally known, 
especially among water works engineers, that the St. Louis water sup- 
ply was clarified and purified without. the use of filters and by a process 
of coagulation and sedimentation. Also it is equally as well known 
that the process has' been in successful operation for about ten years. 
About two years ago it became evident that the capacity of the puri- 
fication plant in use was too small for the treatment of the quanity 
of water consumed by the city. The eight years of operation of the 
purification process had also forced all of us who had been connected 
with the installation and development of the process, to reluctantly ad- 
mit that it w^as not as efficient as filtration ; that there were difficulties 
of operation that had not been satisfactorily overcome ; that there were 
objections that could not be altogether removed. Whether to increase 
the capacity of the system by perpetuating the method in use, or by 
utilizing the machinery and basins for the preliminary treatment of the 
water, and then passing it through rapid sand filters, became princi- 
pally a question of economy in first cost and operation. Careful esti- 
mates on the cost of increasing the capacity to 150 million gallons per 
day showed that to build additional basins, conduits, etc., to enlarge 
the present system would cost at least $250,000.00 more than to build 
a rapid sand filter plant to supplement the treatment in existing basins. 
It was also estimated that the cost of treatment and operation would 
be less with the filters. Considering also the unquestioned fact that the 
general quality of the water would be improved, and that a' uniform 
clarity of water would be insured by filtration, there could be no hesi- 
tation in making a decision in favor of the construction 6f the rapid 
sand filters. 

In January 19 12, the Water Commissioner was authorized to pre- 
pare plans and specifications for changes and additions to the existing 
works at the Chain of Rocks, including the filter plant, so as to bring 
the working capacity up to 150 million gallons per day. 

The general lay-out of the Chain of Rocks works, giving the 
location of the filter plant, head house, mixing chamber, conduits and 
connections, with reference to existing structures, is shown in Fig. 2. 
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The filters are located in the western portion of basin 7, occupy- 
ing a sjmce approximately 700 by 140 feet. The filters were located, 
in the basins, rather than on ground outside for several reasons, for 
example the space taken from the basin could be readily spared, since 
ample basin capacity for coagulation and clarification would remain, 
construction could proceed more rapidly since no excavation was 
necessary, better and more convenient arrangements for utilizing ex- 
isting conduits and making new basin connections could be had, and on 
the whole the cost would be decreased by such a location. 

The design provides for forty filter units, each 50 by 28 feet in 
plan, supported on concrete columns 20 inches square, spaced 11 feet 
centers north and south and 10 feet 3 inches east and west. 

On the original basin floor inverted concrete arches were laid to 
distribute the foundation loads of the columns. The filter boxes rest 
on the reinforced concrete floor formed by leveling up the 
groined arches joining the tops of the columns. Each filter 
box is poured as a monolith, the concrete mixture being 112:4, with 
25 lbs. of hydrated lime added for each barrel of cement, for the pur- 
pose of making the boxes water-tight. The concrete in the columns 
and arches is composed of a mixture of i : 2j4 : 5. Screened and 
washed gravel has been used throughout for the coarse aggregate. 

The strainer system consists of the channel type, in which the 
drains are formed by and between concrete ridges, and covered by 
perforated strainer plates anchored to the concrete by twonze bolts 
and bars. Along the center of each half of each filter unit is formed 
a collecting channel, 28 inches wide by 5 inches deep, into which all 
the sniall lateral drains 3 inches wide by 5 inches deep empty. Four 
ten inch openings in the bottom of each collecting channel are connected 
by cast iron pipe to the effluent conduit. 

The water will be filtered through 30 inches of sand and 12 inches 
of gravel. The gravel will be placed on the filter bottom in three 
layers, the bottom layer of 5 inches in depth, composed of gravel, 
ranging in §ize from ^ to lyi inches in diameter, the second layer 
4 inches in depth, size from ^ to ^ inch, and the top layer 3 inches 
deep, size from 3-16 to ^ inch. The sand will have an eflfective 
size- from 0.40 to 0.50 mm., and a uniformity co-efficient not greater 
than 1.65. 

The gallery between the filters contains the effluent conduit, 15 
feet wide and 4}^ feet high, over which lies the 36 inch cast iron .wash 
water pipe, and above that is the inffluent flume, 15 feet wide and 10 
feet deep, into which the water is drawn at each end of the filter house 
from basins 7 and 8. Both the influent and effluent flumes are built 
of reinforced concrete. The cover of the influent flume will be the op- 
erating floor of the filter house. Each filter has a 24 inch connection 
to the wash water pipe. All drainage and wash water from the fil- 
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ters is carried through 30 inch sewers to the main sewers and thence 
to the river. 

■ The rate of flow through each filter will be maintained by a rate 
controller placed on the 24 inch effluent pipe. Each controller can 
be set to maintain any desired rate of flow between 1,500,000 gallons 
and 5,000,000 gallons per 24 hours, regardless of the difference in 
head on the two sides of the controller, which difference may amount 
to as much as 14 feet. 

The registered flow shall not vary more than three per cent from 
the actual flow below the 2,500,000 gallons daily rate, nor more than one ' 
and one half per cent, when the rate is above that amount. These 40 
individual controllers will be connected to a master controller, which 



Fig. 4. Gallery between Filters, Showing Effluent Conduit and Wash Water Pipe. 

when set at any desired rate of flow, will automatically set the indi- 
vidual controllers on each filter at the same rate. 

The operation of each filter will be handled from an operating 
table on the central gallery floor. These tables will be equipped with 
valve levers, gages and sample pumps. The 24 hour records of the 
height of water on the filter, the loss of head through the filter, and the 
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actual quantity of water passing through the controller will all be kept 
on one sheet. A recording gage will also show the elevation of water 
in the effluent conduit at the center of the filter house. 

Venturi meters with recording attachments will be placed on the 
36 inch wash water pipe and on the outlets of the collecting conduit. 
These meter records, together with the individual records of each 
filter, will afford independent measurements of the quantity of water 
passing through the plant, and which again may be checked against 
the pumping records, which are also made by Venturi meters. 

The filter house, which will entirely covef the filters will be built 
of concrete with metal window sash and frames. The ceiling beams 
will be almost 12 feet above the operating floor at the side walls, the 
slope of the roof from the central gallery being one half inch to the foot. 
On the concrete roof will be placed the ordinary tar and gravel cover- 
ing. The building which covers an area of 699 by 134 feet will be 
heated from a steam plant in the head house. The current for light- 
ing the filter and head houses and for operating motors will be fur- 
nished from a generator house, located at the south end of the pump- 
ing engine house. This generator house will be a brick building 58 
feet by 66 feet conforming architecturally to the existing buildings 
at the pumping station. The machinery will consist principally of 
two 250 K. W. steam driven units. 

The head house is to be a four story concrete building located 
34 feet south of the filter house. On the first floor will be three 150 
horse power tubular boilers, four alum solution tanks, two alum so- 
lution pumps, three 12 inch centrifugal pumps for filling the wash 
water tanks, two 6 inch pressure pumps for operating hydraulic 
valves, a four ton refrigerating plant for manufacturing ice for the de- 
partment, a store room for hypochlorite of lime and liquid chlorine, 
and a small machine shop ; on the second floor will be located an office, 
a small laboratory, six alum mixing tanks, wash rooms, lockers and 
store-room; two wash water tanks, each 50 feet in diameter and con- 
taining 175,000 gallons of water, will occupy the greater part of the 
third and fourth floors. The dome shaped covers of these tanks will 
form a portion of the roof of the building. There will be space on 
the third floor for the solution tanks for hypochlorite of lime and for 
the liquid chlorine apparatus, and on the fourth floor the space will 
be utilized for hypochlorite mixing boxes, and storage for alum. 
Alum, coal and other supplies will be delivered in cars on a switch 
alongside the head house. Alum will be unloaded from the cars into 
an elevator chute, from which it will be elevated and conveyed to the 
storage bins on the fourth floor. 

The basins as shown in Fig. 2, excepting 7 and 8, will be used as 
primary coagulating basins, and will be operated in parallel, the pres- 
ent system of operating in series being abandoned. Before the water 









n 






102 



Illinois Water Supply Association 






■4 



reaches these basins and before any chemicals are used, it will pass 
through a grit chamber 70 feet by 100 feet where the heaviest of the 
matter in supension will be precipitated. As the water leaves the grit 
chamber it enters the first channel of the mixing chamber where it 
will receive the charge of lime. The mixing chamber consists of four 
parallel channels, each 7 feet wide by n feet deep, through which the 
water may be directed in series or in parallel. Used in series the water 
will be made to travel about 10,000 feet between the grit chamber and 
the filling conduit, while by using the channels in pairs only one half 
that distance will be traversed. The object in varying the distance 
through the mixing chamber is to be able to approximately regulate 
the carrying capacity of the chamber to the variable quantity of water 
being pumped so as to maintain the velocity sufficiently high to pre- 
vent settlement in the channels. 

The effect of the passage of the water through the mixing chamber 
is to insure the thorough mixing of the milk of lime with the water 
and also to allow a longer time for the softening action of the lime 
before the sulphate of iron is added. This will result in an estimated 
saving of probably 30 per cent, in chemicals, because of the elimi- 
nation of loss due to incomplete chemical reactions. The water on 
leaving the mixing chamber and entering the filling conduit, will re- 
ceive the charge of sulphate of iron. TheVinlets from the filling con- 
duit to each basin will be baffled to prevent direct flow across the 
basins. The water will be drawn from the primary basins into a con- 
crete collecting conduit, located between the two sets of basins. From 
this conduit, it will be delivered and measured through two Venturi 
meters, with 56 inch throats, into a chamber 75 feet wide, extending 
the full distance across the north end of basin 7. As the water enters 
this chamber, it will receive any secondary treatment that may be neces- 
sary, before it is drawn into basins 7 and 8. The addition of hypo- 
chlorite of lime or liquid chlorine when necessary may be made just 
before the water goes to the filters or these chemicals .may be applied 
to the filtered water as it leaves the filter house. 

The rated capacity of each of the forty filter units is 4,000,000 
gallons per 24 hours, or 160,000,000 gallons per day for the plant. 
This output may be increased to 200,000,000 gallons per day, should 
it become necessary to supply this amount of water. 

The contract for the concrete substruction, filter boxes, conduits 
and connections, was awarded to the McCormack-Coombs Construc- 
tion Company of St. Louis on April i8th, 1913, for the sum of $225,- 
023.10. Because of the location of the filters in basin 7, it was possible 
for the contractor to design a comparatively simple plant for mixing 
and placing concrete. A switch track was laid along the basin wall, 
so that material could be dumped from cars into bins above the 
mixer which was placed in a pit 22 feet below the surface of the 
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ground. One of the bins holds about 14 cars gravel, the other about 
10 cars of sand, while the adjacent cement shed will contain 1500 
barrels of cement. 

The concrete mixer discharges into a skip operated in a tower 
119 feet high. From this main tower chutes run for the entire length 
of the filters, a total of about 700 feet. Concrete can be taken from 
the main chutes at any one of the twelve towers and carried to any pan 
of the work. The grade of the main chutes is 20 per cent. They are 
made of wood, lined with sheet iron, are 12 inches in width and 
depth and span 45 feet between towers. The moveable chutes atf 
made of steel in one piece, and are 12 inches wide by 10 inches deep 
The velocity with which the concrete flows from the main tower 
to its destination is about four hundred and eighty feet per minutf 
The mixing and placing ofconcrete was begun on July 17th, 191J 
and up to Feb. ist, 1914, a total of 155 working days, 14428 cubic 
yards of concrete have been poured. This includes the entire sub- 
struction, 38 filter boxes, the effluent conduit and the greater portion 
of the influent conduit. 24 filter boxes were poured during 27 con- 
secutive days in December and January, each box containing 107 cubic 
yards. 

The cost of erecting form work for the walls, columns and 
arches was $1.65 per cubic yard of concrete, and for the effluent con- 
duit $1.55 per cubic yard. 

Following is the list of contracts let, and the estimated costs of 
the work necessary to complete the plant : 

Filters McCormack Coombs Const. Co._..$223.023.ici 

Filter Equipment.- „ Pittsburg Filter Mtg. Co 3t)8,200i» 

Filter House McCormack Coombs Const. Co..... 89,730.0) 

Head House „ Estimated Cost 185,000x0 

Waterproofing Basins 7 arid 8 " " soflOOJM 

Raising Division Walls " " 85,Ooaw 

Generator House " " SOfKCa 

Mixing Chamber „. " " l6o/)00a» 



Total...- $1,243,953^ 

Contracts for the last five items will be let within sixty days, 
and it is intended to have the plant ready for operation by November 
1st. All contracts will require completion before that date under 
heavy penalties for over-time. This plant when completed will be the 
largest mechanical filter plant in the world. 



LOCATING LEAKS IN WATER BIAINS BY MEANS OF 

THE WATER HAMMER DIAGRAM. 



BY MELVIN L. ENGER.* 



When the valve at the end of a long pipe line is closed suddenly, 
great pressures may be caused. The term water hammer has been 
applied to this phenomenon. If the valve could be closed instantly all 
of the water in the pipe would not be stopped at the same instant. The 
layer nearest the valve would stop first, then the next layer and so on 
until the impulse has traveled through the entire pipe line. As each 
layer of water is brought to rest its pressure will of course be in- 
creased. The velocity of the transmission of the pressure wave will 
be the same as the velocity of transmission of sound in the water in the 
pipe, and will vary between 3400 and 4700 ft. per sec, depending upon 
the material of the pipe and upon the ratio of the thickness to the diam- 
eter of the pipe. 

It has been found that for any given pipe, the amount of the 
water hammer pressure is a constant times the extinguished velocity. 
The value of this constant (also called the water hammer coefficient) 
varies directly with the velocity of transmission of the pressure wave, 
and for cast-iron pipe used for water supplies has values between 
45 and 63. For cast-iron pipe between 6 and 16 inches in diameter, 
the average value of the constant is about 55. That is, the water 
hammer pressure caused by the sudden closure of a valve at the end 
of a long pipe line, in pounds per square inch, is 55 times the velocity 
of the water in the pipe before the valve was closed, in feet per second. 

Fig I a represents a pipe line in which there is a leak. The flow 
between the source (reservoir or large pipe) and the leak is z; — w 
feet per second, and between the leak and the valve is v feet per 
second. Fig. ib shows the conditions in the pipe line a short time "after 
the valve at the end is suddenly closed. The velocity of the water 
near the valve. has been extinguished and its pressure increased hv 
lb. per sq. in. (h being the water hammer coefficient). If the distance 
from the valve to the leak is / feet and the velocity of propagation 
of the pressure wave is Z ft. per sec, the pressure wave will reach 
the leak l/Z seconds after the valve closed. Since the original 
pressure at the leak allowed a quantity of water equal to Aw cu. ft. 
per sec. to escape, it is evident that a higher pressure will cause a 

♦Assistant Professor of Theoretical and Applied Mechanics, University of 
Illinois. 
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Diagram Showing Condition of Pressure and Velocity at Various Times after 
.the Closing of the Valve 

greater quantity to flow. The extinguished velocity between the leak 
and the source will therefore be less than v ft. per sec. Hence the 
water hammer pressure generated in this part of the pipe line will 
he less than hv lb. per sq. in. A wave of reduced pressure will there- 
fore travel from the leak toward the valve. Fig. ic shows the condi- 
tions a short time after the pressure wave has passed the leak. The 



Fig, 2. Apparatus. 
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wave of reduced pressure will reach the valve 2I/Z seconds after 
the valve closed. Fig. id shows the conditions a short time after the 
wave of reduced pressure has reached the valve. 

The water hammer diagram is a graphical representation of the 
pressure in the pipe line near the valve for a time after the valve is 
closed. In the experiments made by the writer the diagram is 
obtained by having the pencil of an indicator trace on a sheet of paper 
wrapped around a drum driven at a uniform rate by an electric motor. 
Another pencil attached to an electro-magnet makes a time record. A 
photograph of the apparatus is shown in Fig. 2. 
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Fig. 3. 

Typical Water Hammer Diagram Showing Effect of a Leak. 

Fig. 3 shows the characteristic features of a water hammer 
diagram taken at the end of a pipe line in which there is a leak. 
The first rise of pressure as the valve begins to close is shown at A. 
The indicator pencil reaches B when the valve is fully closed. The 
pressure then remains practically constant until the effect of the leak 
is registered at C. The distance A'C represents the time required 
for the pressure wave to travel from the valve to the leak and back 
to the valve. If the velocity of transmission of the pressure wave 
is known, the distance from the valve to, the leak is easily computed. 
The difficulty in the use of this method is in the determination of 
the velocity of transmission (Z) of the pressure wave. The velocity 
of the pressure wave will vary somewhat, according to the amount 
of air in the water. Another method which avoids the necessity of 
determining the value of Z is as follows : When the indicator pencil 
reaches E, the first relief of pressure due to the source is felt. The 
distance A'E' therefore represents the time required for the pressure 
wave to travel from the valve to the source and back to the valve. 
If the length of the pipe line from the valve to the source is L, the 
distance from the valve to the leak can be determined by prpportion. 

/ : L : : A'C : A'E' 

In the writer's experiments, much more consistent results were 
obtained by this method than by the use of the velocity of transmission 
of the pressure wave and the time required for the pressure wave to 
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go from the valve to the leak and return, as scaled from the diagram. 

The quantity of water discharged from the leak can also be 

determined from the water hammer diagram. The expression for the 

velocity of flow in the pipe due to the leak is : 

P — P, 

h 



P + P. 

2p 



\o.5 



P is the amount that the pressure is increased due to water hammer. 
Pi is the amount that the pressure at the valve is above the original 
pressure after the return wave from the leak -reaches the valve; f 
is the original pressure at the valve ; h is the water hammer coefficient 
The following values are taken from experiments made by the 
writer in igo6. The last two were measured from the second diagram 
shown in Fig. 5. 

Calculated Distance. Actual Distance. 
Feet Feet 

64 72 



A number of values have been computed from the equation, 
and the results have been plotted in Fig. 4. It was assumed that 
P^SS lb. per sq. in., p^=^^o lb. per sq. in., and that A ^=55- h 
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Diagram Showing the Drop of Pressure on Water Hammer Diagram Due l" 
Leaks of Various Amounts. 
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will be seen from an examination of the curve that even small leaks 
will produce a noticeable fall of pressure on the water hammer 
diagram. 

The first suggestion that the water hammer diagram could be 
used to determine the, location of a leak was made by Professor 
Joukovsky as the result of a series of experiments made in 1897 
and 1898 for the waterworks department of Moscow, Russia. He 
published a monograph (Stoss in Wasserleitungsrohren) in 1900. A 
translation of this paper, somewhat modified, was published in the 
Proceedings of the American Waterworks Association in 1904. Exper- 
iments were made by the writer in 1906 on a 2-inch pipe 730 feet long 
in the Hydraulic Laboratory of the University of Illinois. Fig. 5 
shows two diagrams taken at that time. 



Leek 38/ feet from vd/ve 




L PetcocMs open fl3 6nd ^65 feet from \/a/i/e 

F.gS 
Water Hammer Diagram Showing Effect of Leaks, taken on a 2-in. Pipe Line, 

730 Feet Long. 

In using this method for determining the location of a leak, the 
following suggestions are made. The quick closing valve should be at 
the end of the section of pipe to be tested. This can be accomplished 
by tapping the main close to a valve, the valve in the main being 
kept closed during the experiments. The pipe leading from the main 
to the quick closing valve must be large enough that a wateir hammer 
pressure at least as great as the static pressure can be caused by the 
sudden closure of the valve. The indicator should also be connected at 
this point of the main, or to the pipe containing the quick closing valve. 
If possible, the method of proportional distances should be used. The 
distance to the source (large main) should be measured. A hydrant 
partly open will make a good reference point in case the main on 
which the experiments are being made is very long. When the 
method of proportional distances is used it is not necessary to know 
the speed of the paper. It is only necessary that the paper travel at 
a uniform speed while the diagram is being taken. 

An apparatus called the "pulsograph," using the above principles 
for locating leaks, has been patented. It was described before the 
meeting of the New England Waterworks Association in September, 

1913. ' 



REMOVAL OF ANCHOR ICE BY MEANS OF AIR. 



BY L. A. FRITZE.* 



It is amusing to note that no matter how old or how many 
times a certain chestnut has been under discussion, there is always 
someone who thinks he is "springing", something new when he at- 
tempts to resurrect it. Before going into this subject, I wish to 
apologize to the older heads, who probably have thrashed out this 
problem years ago, for taking up their time in listening to me; 
yet, there may be some one here who is having trouble, as we have 
had, and will be glad to know that he is not the only one who has 
found his intake pipe choked off, and his water supply exhausted in 
the "wee small" hours of the morning. 

The subject of anchor ice, needle ice, and other names designat- 
ing the same thing, some of which are not permissable in print, is a 
subject so old, that it needs very little kindling to bring back iividly 
to many a water works man, some very trying times. I will not at- 
tempt to go into the subject of anchor ice itself, but will simply try 
to explain a method we have been using at the Moline Water Works 
to remove it from the intake pipe after its formation. 

Many and varied have been the methods proposed for the removal 
of anchor ice, each plant practically having its own, which has been 
successful to a greater or lesser degree. The use of air is not new, 
yet the success of this method at our plant is such that the troubles 
usually encountered with ice, bother us no more. 

The water is supplied to the plant through two intake pipes, a 
20 inch, 350 ft. in length, and an 18 inch, 3500 ft. in length. The 
water flows by gravity to a well and is then pumped to the filter 
plant. The intake pipe with this air attachment extends into the 
river, open and unprotected at its mouth, there being no crib or other 
device built about the pipe. 

A centrifugal pump was so arranged that it could be connected to 
the 18 inch line, so that in a pinch the water could be drawn through 
this line until the well was filled, and then the valve on the choked 20 
inch line opened, letting the full pressure bear against the obstruction. 
The depth of the well is about 20 feet, and the head usually obtained 
by this means is about 15 ft. 

This system, while helpful at times, could not be relied upon. As 
long as the 18 inch line remained open, things were satisfactory, but 
just as soon as the ice began to choke, the plant was at a standstill. 

During the past year, the Chief Engineer, Mr. Buck, has at- 
tempted to improve the plan by connecting to the 20 inch line the 
•■City Chemist, Moline, 111. 
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blower used to air wash the filters. The blower used is of the Root 
make, giving a large volume of air under low pressure, that is, up 
to about lo lbs. At times for very short periods, the pressure has 
been forced up to 30 lbs. The connection between the blower and the 
line is through a 23^" pipe connected to the intake pipe, near the raw 
water well end. On the nights when the temperature conditions indi- 
cate a slight freezing, the height of the water in the raw water well 
is carefully watched. When the level begins to drop, the blower is 
started and in a very short time the line is completely cleared. At 
times when the line has been choked tight, the blower has always 
cleared it in a few minutes. The pressure used at the worst stages, 
runs about 10 lbs. per sq. in. From the figure, the layout of the raw 
water well and the air connection can be more clearly seen. 
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Removal of Anchor Ice By Means of Air. 



Temperature, seems to be the only factor in the formation of 
anchor ice. , It is claimed by some that the appearance of this ice 
occurs only on certain nights, for example, nights following clear 
days, or a clear night. Clear days and cloudy days alike seem to have 
little special control over the ice problem in the Mississippi River so 
far as we have been able to observe. The main trouble usually be- 
comes noticeable after midnight and remains until day break. 

There are a number of plants where the local conditions are 
such that the use of this method is not warranted, but at such places, 
usually, the ingenuity of the engineer has successfully combated the 
troubles. However, at some places where the unprotected intake is at 
the mercy of the weather, the use of air will probably be much 
handier, as well as more efficient, than the reverse flow of water. 
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UNDERGROUND MOVEMENT OF CONTAMINATION. 



RY ADOLPII GEHRMANN, M. I 



Every raw water supply is at times in danger of contamination. 
It may be by the direct entrance of discharges or in an indirect man- 
ner from surface washings or drainage into bodies of water, or the 
supply may be drawn from an area of underground pollution. Some 
of the known observations in relation to this latter type of epidemic 
origin may be of interest here. Most epidemics of water-borne dis- 
ease come as a surprise to a community. For years a more or less 
contaminated supply may be in use without the introduction of ihe 
exciting bacteria to start an epidemic. The most subtle and insidious 
form of contamination is that which is entirely underground and 
one that only the experienced can appreciate in all its possibilities. 
Often a superficial inspection fails entirely to give a proper concep- 
tion as to what is taking place under ground. The ground water 
may be moving in just the opposite direction to that indicated by sur- 
face inspection. The rate of movement of ground water is a guess 
until something is learned about the strata underlying a district. The 
filtering action of various layers is widely different. Compact surface 
soil filters best, while loose gravel will have the least action as a filter. 
The continuous passage of contamination will soon destroy whatever 
there is of value in the soil as a filter. A few feet of soil may filter 
at one time, while a contaminated zone of many hundred feet may be 
formed in time from a relatively small but continuous supply of pol- 
luted water. 

The ground water is a definite part of the physical geography of 
a district. It moves in accordance with well-known types of strala 
formation, either of rock or clay, or i>orous layers. Such movement 
of ground water must be a condition that is extensive and uniform in 
the deeper layers of the" earth, where the strata are continuously 
saturated. We often forget that water has been seeking its level for 
ages in these layers and has long ago adjusted itself to the conditions 
that exist. Temporary changes in levels occur, but the main move- 
ment, however, goes on about the same all the time. 

The movement of contamination under ground has been studied 
by a number of observers. One of the earliest observations is that 

• Consulting Bacteriologist. The Columbus Laboratories, Chicago, 111. 
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of Daubree, in 1848, who recorded the change in quality of well water 
300 meters distant from a leak at the gas works at Strassburg. Fodor, 
1893, expressed the opinion from observations that materials added to 
water are continuously spread horizontally and pushed ahead by the 
masses of water following. In 1872 the movement of ground water 
was shown by applying salt as an indicator in the investigation of the 
classic Laus'en epidemic. In this instance it seems clearly to have 
shown the course taken by the infecting bacteria for a distance of 
about one mile. 

But dissolved substances cannot be taken as indicating the move- 
ment of particles. As in this Lausen instance, starch grains did not 
follow the course of the contamination. 

In 1896 Pfuhl experimentally showed that known bacterial cul- 
tures would pass in a short time through a distance of twenty-four 
feet in gravel, one hour for B. prodigiosus, and two hours for a phos- 
phorescent vibrio. 

In 1896 Alba, Orlandi and Roudelli used Bacillus prodigiosus 
to show the movement of contamination in ground water in con- 
nection with an investigation of the reasons for the periodic con- 
tamination of the water supply 0/ Turin. They reported prodigiosus 
culture finding its way to the water gallery through a distance of two 
hundred meters, when poured over an area of ground this distance 
away. 

Fraenkel about this time investigated the filtration action of soils. 

Instances of the movement of contamination in ground water are 
not common. The usual type of epidemic of typhoid, diarrhea or 
cholera is that of surface contamination from more or less direct 
pollution from the flow of sewage or drainage into the water supply. 

In 1893 I investigated an epidemic at a Michigan summer resort, 
where it was found that the pollution escaped from cess-pools and 
infected the club-house well. These cess-pools were located at the 
foot of a ridge back of the club-house where the private cottages 
were. The row of cottages was about half a mile long, but they 
were well apart. During the summer there were several cases of 
fever in these cottages and one patient died. The cases were among 
visitors returning home, and it was found that these cases were per- 
sons who had boarded at the hotel. At the hotel well water was used, 
while the cottages were supplied from another source by a pipe line. 
The cess-pools were apparently so located that the drainage would 
be away from the cottages and hotel, but the ground water movement 
was in a general direction towards the lake and under the hotel. The 
entire substratum was sand and gravel, which allowed the ground 
water to pass easily. 

Again, in testing the quality of water from wells supplying the 
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workmen's camps during construction of the drainage canal, at the re- 
quest of Dr. Martin, sanitary inspector of workmen, it was found 
that these wells were generally contaminated. The wells were driven 
wells, two hundred to three iiundred feet deep, but were located too 
near the old canal and the line of new construction. We concluded 
that the ground water of the entire area was more or less con- 
taminated. It is very probable that numerous fissures and gravel 
pockets made it easy for the contaminated water to pass to the deeper 
levels. 

Under ordinary conditions the ground water does not become so 
easily contaminated. Fraenkers experiments showed that most of the 
bacteria were caught at the surface and retained, and that those pass- 
ing deeper soon died because of unfavorable conditions. It is ver>' 
probable that the porosity of a soil is the most important factor in the 
spread of infection. It is the particle-carrying groups of bacilli that 
are dangerous and whenever the porosity is such that particles do not 
pass, the danger of spreading infection rapidly diminishes. Gravel, 
coarse sand and fissures in rock make underground contamination a 
menace to health. The distance that it may move in any locality is 
uncertain until there is evidence by experiment as to presence and 
extent of such a permeable layer in the involved area. 

discussion. 

Dr, Burrill: When the Water Survey first started under the 
direction of Dr. Palmer they went about selecting certain types of 
wells for pretty continuous examination and the one selected as the 
best type of shallow well happened to be the one at my residence on 
the next street comer from where we now sit. The house is on high 
ground sloping away from the house and from the well back of it. 
We had used that well for a good many years and became attached 
to the water. When the city water was first put in it was not as good 
as it now is and we did not like it for drinking purposes and with 
this continuous examination made by the Water Survey we thought 
we- were right in continuing to use the water. No trouble had been 
found with the water and it had been examined every week for a 
year and a half. The soil here from two to three feet below the sur- 
face is underlaid with a layer of sand and gravel. My well had 
been dug 22 feet to hard-pan from which the water rose 4 feet so 
that the surface level stood uniformly 15 feet deep. I had taken 
pains to fill in behind the wall, thinking possibly the shallow well 
might be detrimental to drinking purposes, filled in behind wall with 
tenacious blue clay, and thought the water reasonably safe. 

About this time of the year, after a heavy rain. Professor Palmer 
sent out the query "What in the world is the matter with the water 
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in your Avell". They had found it badly contaminated with organic 
matter. No explanation could be given except that we had applied 
on the lawn a good coat of stable manure up to wfthin 100 feet of 
the well. Though the surface slope was decidedly from the well 
to the highest place where the manure was applied, we came surely 
to the conclusion that we were drinking a dilution of the manure 
fertilizer. The well was soon filled up. 
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EXPERIENCES WITH WAUEEOAN WATER SUPPLY. 



BY W. J. ALLEN.* 



At the last meeting of the Association, the writer presented a 
paper describing the hypochlorite installation in use by the city of 
Waukegan, Illinois.f This plant has now been using hypochlorite 
for nearly two years. Careful records have been kept of the operating 
results, and a discussion of the experiences encountered may be of 
interest. 

The raw water is received through a 24-inch intake extending 
4,000 feet into the lake. There is also an emergency intake, of 36-inch 
pipe, extending 600 feet into the lake. The sewage from the city enters 
the lake at a point relatively near the intakes, and at times the raw 
water is seriously contaminated. 

Daily laboratory tests are made to control the treatment. The 
table shows the turbidity and bacterial counts of the raw water and 

TREATMENT OF LAKE MICHIGAN WATER. WAUKEGAN, ILLINOIS. 
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.328 
.546 
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.634 
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.481 
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.428 
.805 
.832 
.651 
.768 
.800 

.681 
.832 
.724 



.234 
.389 
.370 
.296 
.545 
.329 

.277 
.250 
.336 



*Agar, 20°, 72 hrs^ 
**Dextrose broth — 37i°, 48 hours. 



the treated water, the number of days that gas formers were present 
in the raw and in the treated water, and the parts per million of avail- 
able chlorine used in the treatment during the eight month§ from July, 
J913, to March, 1914. 

♦Chief Engineer, Waukegan Water Works. 
fProceedings 1913, 203. 
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The raw water has a minimum turbidity of 5, a maximum of 325 
and an average of 40. The bacterial count on agar at 20 degress for 
three days shows a minimum count of 64, a maximum of 16,960 and 
an average of 2,303 per cubic centimeter. Tests for ^s formers are 
positive in about 50 per cent, of the total number of tests. In summer 
nearly all the tests are positive and in winter a much smaller propor- 
tion are positive. 

The bacterial results upon the treated water show an average 
count of 115 per cc. Of 243 tests for gas formers in one cc. samples 
during this period, 19 were positive or in other words 8 per cent, of 
the tests for gas formers were positive. 

The amount of bleach used is about .5 p.p.m. The bacterial con- 
dition of the raw water changes so rapidly that it is very difficult to 
regulate the rate of application of bleach from the bacterial count. 
It takes at least twenty-four hours to get the needed information. Con- 
sequently the starch iodide test has been found very useful. By con- 
tinually making this test upon the treated water, it has been found 
that a certain depth of blue color, indicating a proportional amount 
of hypo, will give the required treatment. If the color is too deep an 
overdose is apparent and if the color is too faint, satisfactory bacterial 
efficiency will not be obtained. The treated water is tested with starch 
and potassium iodide every four hours. The procedure is indispen- 
sable to us. 

The conditions on our lake vary and the changes are frequent. 
At times a large dose of hypo is needed, and within a few hours it 
may have to be reduced twenty-five or thirty per cent. High winds, 
strong agitation of the water, sewage, the approach and departure of 
schools of fishes, will cause this change in hypo treatment. If the 
only method to govern the treatment was the count on plates, we would 
be unable to handle the treatment with any degree of success, as 
changes might take place before the bacterial results would be avail- 
able. 

It is necessary to make frequent laboratory tests to keep proper 
control of the treatment and I believe it is possible to keep the water 
free from the taste of hypo to such an extent as to cause no complaint 
from the consumers. We seldom hear complaints from our citizens. 
This can not be the case, however, unless one is attentive to treatment 
and keeps the hypo plant running evenly at all times. 

DISCUSSION. 

Jennings: It is one thing to install a good hypo plant and an- 
other thing to keep operating it properly. Of all the hypo plants that 
I have installed, I know of none that has had the care and attention 
that has been given by Mr. Allen to the one at Waukegan. At the time 
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I was there, Mr. Allen was looking forward to the introduction of 
the eight hour shift in place of twelve hour shifts. Instead of working 
eight hours since that time, he has been putting in more time than under 
the old regime, testing his hypo solution, planting bacterial samples, 
counting plates, etc. As a result the bacterial reduction has been very 
good, B. Coli in the treated water has been very scarce and Typhoid 
Fever in Waukegan has been almost eliminated. 

Bartoiv: The results at Waukegan are certainly gratifying. 
It seems to me that the most significant thing in the table which 
Mr. Allen has shown us is the turbidity in the water. It is the best 
argument for a filter plant at Waukegan that I have seen. There were 
months when the average turbidity was 60 and at times when the lowest 
turbidity has been at least 30. 



TOO HUGH WATER.'' 



BY JOHN W. ALVORD.f 



The great floods of March, 1913, which devastated Ihe states of 
Indiana and Ohio, will always have a direct and intense interest for 
engineers, and the importance of having the data carefully recorded 
and studied is obvious. Up to this time the main initiative, which 
has been taken in obtaining the detailed facts, has been of municipal 
origin. A government board is working on the general problems 
and it is hoped will fully develop all the further lines of inquiry 
which should probably be made. It is generally agreed that the main 
lessons to be learned from the recent great floods are as follows : 

First, that there should be some authoritative and adequate public 
control of our streams which will prevent encroachment by bridges, 
buildings, populated territory, railroad embankments and dangerous 
levee systems, not only upon the low water channels, but upon the 
flood plains as well. • 

Second, that where relief from existing encroachment is required, 
it should be accomplished through legislation authorizing the formation 
of flood protection districts, preferably covering entire watersheds, so 
that each problem as a whole can be given proper technical study. 
The cost of flood protection work should be apportioned in some fair 
relation to the benefits and value of the affected interests. 

Third, that, while Indiana and Ohio cities have recently received 
a severe object lesson, there are many other cities and towns in this 
country which have so encroached upon the adjacent river beds as to 
be already in peril. They should not be permitted to await a physical 
demonstration of their danger, but should be aroused to the problem 
o{ protection from destructive floods. 

Fourth, the studies at Columbus and Dayton, as far as made, 
indicate that radically different methods of treatment are often required 
for communities apparently similarly situated. 

No generalization as to the relative merits of reservoir versus 
channel improvement methods will take the place of thorough investi- 
gation and study of the local situation and sound deduction from the 
facts thus disclosed. 

♦Presented November 19, 191J, before the Boston Society of Civil Engineers. 
J. Boston Soc. C E. i, 85-108. 

tConsulting Hydraulic and Sanitary Engineer, Chicago. 
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THE STORM OF MARCH, I913. 

With these general conclusions in mind, I desire to invite your 
attention to some of the main features of two flood districts in Ohio 
which it has been my opportunity to study. These are the Scioto at 
Columbus, necessarily including Delaware, and Chillicothe, and the 
Miami Rivej- and its branches at Dayton, covering Troy, Piqua and 
Miamisburg on the Miami watershed. The flood story in all these 
places is essentially the same. Insidious encroachment followed out for 
years, not only upon the low water channel, but upon the flood water 
plain, had so reduced the channel capacity created by nature that only 
about one-quarter to one-third of the flood water could be accommo- 
dated in the regular channels. The remainder of the flood rose until 
it overtopped the levees and swept through populous areas with 
destructive velocities which demolished houses and caused death and 
widespread suffering. 

The great storm which created this condition is worthy of 
special notice. It had been preceded in the same month by storms 
of considerable strength which passed over the same area, and on 
the morning of March 20 a storm developed over the Rocky Mountain 
and Great Plains states which moved rapidly eastward and, joining 
during the afternoon of March 24, a second storm, which had 
developed over the Southwestern states, covered an elongated area 
enveloping the Ohio 'Valley watershed continuously for a period of 
sixty hours or more. It was accompanied by excessive rains and the 
most widespread and devastating floods of modern times. They com- 
bination of these storms caused them to pass in a southeasterly direc- 
tion over Central Ohio. The greatest intensity of rainfall centered 
directly on the divide which separates the waters flowing north into 
Lake Erie from those flowing south into the Ohio River, then moved 
southeasterly down those streams, undoubtedly accentuating the flood 
waves. 

In the territory above Columbus and Dayton the greatest precipita- 
tions were observed at Bellefontaine, Marion and Richmond, Ind., 
where about iij^ ins. were recorded for the tour days, and on Tuesday, 
March 25, from three to four inches fell all along the upper portion 
of the Scioto and Miami watersheds, coming on top of the several 
inches which had fallen on the two previous days. Some- three inches 
fell on the Scioto River watershed above Columbus even after the 
crest of the flood had passed the city, which accounts in part for the 
slow decline. No other storm as great in area and intensity as this 
has been recorded in this country, outside of the Pacific slope, but 
it must be obvious to any one who studies the flood water plains of these 
and other rivers that great storms of this kind have occurred and 
flood waves have been produced which were fully as great, if not 
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greater, than those recorded in Ohio and Indiana in March, 191 3. The 
normal flood plains of the rivers were occupied fully as they have 
been time and again during the recent geological past. When we 
remember the comparatively limited time over which records of great 
storms have extended in this country, we must realize that one of the 
urgent lessons which the engineer has to learn is not to place too great 
reliance upon them. 

It is interesting to note the accumulated rainfall at Columbus and 
Marion, hour by hour, during the four days in which it took place. 
The rise is fairly constant in both cases, although on the final day 
the excessive amount of over 1 1 ins. at Marion appears in comparison 
with the 7 ins. which accumulated at Columbus. 

It is no wonder that the astonished inhabitants of Dayton and 
Columbus could oot understand where such a vast quantity of water 
came from. Rumors of reservoirs having broken circulated in both 
cities, and the presence of reservoirs on their upper watersheds gave 
foundation to them. None of the younger generation had seen floods 
cause such serious damage, and even the older people had not seen 
floods of such magnitude. The Ohio State Board of Health is authority 
for the statement that in Ohio alone 430 lives were lost, 104 munici- 
palities inundated, 20,000 homes completely destroyed, and 35,500 
other homes rendered uninhabitable. 

Some one has estimated that the amount of water which fell in 
Ohio and Indiana during this storm would raise the level of Lake 
Erie, with an area of 10,000 sq. miles, approximately 4 feet. 

THE FLOOD AT COLUMBUS. 

It is of interest to contrast the local situations in Da3rton and 
Columbus and, for this reason, it is desirable to describe more par- 
ticularly the topographical features which contributed to the especial 
disaster at each of these places. 

At Columbus, the Olentangy and Scioto rivers, emerging from 
parallel rock gorges in which they have flowed for twenty-five miles 
or more, unite just above the West Side of the city upon a broad 
flood plain nearly a mile in width. The slopes of both rivers above 
this point are much steeper than below, so that water is launched 
upon the broader and flatter flood plain with greater rapidity than it 
can be properly carried away. The Scioto River crosses the flood 
plain just north of the populated part of the West Side, uniting with 
the Olentangy near the east side of the flood plain, passing close to 
the rising ground on the east side near the central portion of the city, 
then around what is locally called the "Bend," thence winding through 
the flood plain from side to side. 

Levees from ten to fifteen feet high were raised along the northerly 
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)f the West Side after the flood of 1898 to protect it. Thus con- 
and reduced in width by encroachments, the river channel around 
end had a capacity less than one half of that needed for a flood 
as occurred in March, 1913. 

The natural result of this condition was the ponding of the 
■s above the dikes until they were overtopped and washed eom- 
y away in many places. The flood waters swept through the 
:rous breaks with great swiftness and demolished buildings, 
ip pavements and caused great general destruction and loss of lite, 
t should be remarked that the buildings on the west bank of 
iver around the Bend are built upon made ground which en- 
hes upon the river channel proper, and that there are also num- 
I bridges, many of which were destroyed. The capacity of the 
o around this Bend was hardly more than 50,000 sec.-ft. at high 
stage, but after the scouring of its bottom with many depres- 
25 ft. or more in depth, and with increased slope, it perhaps 
;d a maximum of about 70,000 sec.-ft., while the flood flow at 
rest of the flood is estimated to have been 140,000 sec.-ft. 

THE flood at DAYTON. 

[n Dayton the situation was likewise especially endangered by the 
that four rivers converge just above the center of the city: the 

River, with 680 sq. miles; the Miami, with 1,160 sq. miles; the 
vater, with 650 sq. miles ; and Wolf Creek, with 50 or 60 sq. 
;; all having a combined catchment area of about 2,550 sq. miles. 

channel through the central part of Dayton, being only about 
or 600 ft. in width, could barely carry 85,000 to 90,000 sec.-ft, 
; the estimates of the recent flood maximum are from 240,000 to 
KX3 sec.-ft. 

Of the six bridges spanning the main stream at Dayton, four re- 
■ced concrete arch bridges held like adamant, while the steel 
[e at Fifth Street and the railroad girder bridge were carried 
'. A hydraulic engineer ventured out upon this latter bridge, dur- 
:he highest stage, and measured a difference of five feet in the 
s on the upstream and downstream side. This was in part due to 
remendous amount of drift which accumulated there. 
The first w^ter invaded Main Street in Dayton at 9 a. m., March 
jne hour later it was 3 ft. deep at the same place and by one 
:k it was at least 10 ft. deep. The work of cleaning the city after 
flood went down was of great magnitude. Estimates of the 
mt of silt deposited over the town vary from 4 to 6 ins. In 
■■ places where excessive deposits occurred they were removed 

steam shovels. People were "obliged to push the ruined contents 
leir lower floors out into the streets, and the city was busy for 
•al months after the flood carting the accumulations away. 
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DAMAGE AT COLUMBUS. 

The value of the property in the flooded district of Columbus is 
estimated to have been fifty million dollars, and the direct loss caused 
by the flood, not including indirect damages, is estimated at seven and 
a half million dollars. 

Some idea of the devastation can be had from the following sum- 
marized statement taken from the Columbus Report : 

The entire city was without water for twenty hours. • 

The West Side was without water for about one week. 
All the public schools were closed for three days and the nine public 
schools on the West Side were closed for about ^ve weeks. 

The levees of the West Side were not entirely repaired for over four 
months and the railroads were unable to operate on their own tracks for periods 
ranging up to about one month. 

Street car service throughout the entire city was abandoned for two days 
and badly crippled for about one week, and no street cars were operated on the 
West Side for ten days after the flood. Communication across the river by 
car was not reestablished for a month. 

Cleaning the streets of debris and removing flood deposits consumed the 
best part of two months, and the repaving of damaged streets was still going on 
three months after the flood. 

A very large portion of the houses on the West Side were so damaged that 
at least a month elapsed before they could be restored to habitable condition. 

RESERVOIR PANICS. 

With the perils and distress of the flood, there came to nearly 
all the inhabitants of both Dayton and Columbus a panic produced by 
the rumors that important reservoir dams had given way. After the 
strain, which nearly everybody involved had been under, it is not 
strange that even strong-minded people should have been ready vic- 
tims of such a rumor. No one could understand where such a vast 
quantity of water could have come from. In Dayton, the water was 
at least 8 ft. higher than any one could remember it to have been be- 
fore, and the immediate thought was that the reservoir dams upon 
the upper watersheds had given way and added to the already dan- 
gerous floods. An untold amount of mental suffering was produced 
for some hours in both Dayton and Columbus by this fear. It is a 
question whether the terror inspired by these panics will permit those 
' populations to calmly contemplate the construction of great reservoirs 
on the watersheds above their cities for the purpose of protection. 
Where they are plainly the most economical and efficient way of con- 
trolling floods, their dams must be very ample in their proportions and 
stable in their design if they are to receive the confidence and approval 
of the people. 

Another engineering lesson which can be profitably drawn from 
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these flood scenes is the necessity of providing free waterway under 
bridges for debris. All great floods are drift-laden, and houses, bams, 
fences, haystacks and wreckage of all kinds quickly lodge where an 
insufficient waterway is provided, still further reducing the area. 

DETAILS OF DEVASTATION. 

One of the factors which aggravated the flood conditions and 
contributed to the loss of life in Columbus was the extensive track 
elevation which had been recently completed there. The elevated tracks 
were on embankments of considerable height and stability which the 
flood overtopped in many cases, but usually the water found egress 
through the subways, where currents were created which must have 
reached velocities of from 18 to 25 ft. per sec. Such velocities, operat- 
ing for hours, were particularly destructive to the municipal improve- 
ments and the buildings in their vicinities. Great holes 15 to 20 ft. 
in depth were washed out at such places in the paved streets ; houses 
were swept away and vast masses of loose rock of large size were 
carried great distances and spread to a depth of -3 or 4 ft., sometimes 
over areas of several acres. 

The flood of 1898 in Columbus, while of considerable magnitude, 
did not have anywhere near the devastating effect of the flood of 
March, 1913, due largely to the fact that in former times thcvlevees 
above the town were comparatively low, and that no track elevation 
existed. 

After the flood, most of the people of the flooded West Side 
district were compelled to live for many weeks in their second stories. 
Many of the houses, especially those of brick, were rendered unin- 
habitable for months by the saturation of their walls. 

Horses were generally drowned when caught within the flooded 
districts. They seemed to have no sense which would guide them to 
the higher grounds, although having strength enough to swim for 
hours in strong currents before becoming exhausted. But the sub- 
merged automobiles rose to the occasion. A little cleaning and they 
were ready to do splendid service in relieving distress, conveying food 
supplies and doing work that could never have been done otherwise to 
rehabilitate the city. 



RAILROAD DESTRUCTION. 



The damage to the railroads was very great throughout the en- 
tire flooded area and traffic was suspended for a week or more. In 
an instructive booklet issued by the Pennsylvania Railroad a diagram 
is given showing the interrupted and abandoned tracks of their lines 
west of Pittsburgh, and this gives a good idea of the area and magni- 
tude of the flood disturbance. 
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As a typical instance of railroad destruction, attention may be 
called to the Big Four Railroad's new cut-off lines below Da3rton. 
This great work had just been completed at an expense of some mil- 
lions of dollars when it was put out of commission by the flood of 
March, 19 13. Below Miamisburg, where a high embankment crosses 
the flood plain of the Miami River, the swift currents created were 
instructively interesting. The largest part of the flood passed under 
a new girder bridge over the Miami River, but a considerable flow, 
perhaps 25,000 to 50,000 sec.-ft., found its way under a heavy double 
track bridge over the Miami and Erie Canal. Here the velocities must 
have been very great, probably at times reaching 20 to 25 ft. per sec, 
as indicated by the upstream and downstream high water marks. A 
great pit was excavated below the bridge and large bowlders and thous- 
ands of tons of stone from it were distributed over a wide field below 
with interesting regularity, showing a gradation which would do credit 
to the best sorting screens ever designed. 

These phenomena have raised the question as to whether some 
rough rule could not be formulated which, from the weight of the stone 
moved, would give the velocities created in the water, but amid the 
necessity for more important studies, this interesting side phase of the 
subject has not received attention. 

There was deposited below the Big Four bridge a pile of assorted 
gravel many hundred feet long and from 8 to 12 ft. high, which was 
dropped at this place by the retardation of excessive velocities. It 
is interesting also to note the scour which took place around the water- 
works station at Richmond, Ind., and the ability of sod, as compared 
with large bowlders, to resist erosion. 

ROCK EROSION AT COLUMBUS DAM. 

Perhaps no other effects of this great flood show the intensity of 
the forces at work as do those resulting from the overflow at the 
Columbus storage dam. It is roughly estimated that the flood in its 
passage over this dam and through Columbus would, theoretically, 
have created over a million horse-power, the larger part of which 
was dissipated in internal work of the rolling water. At certain 
points, however, where this power was not so dissipated, its effects 
were of a most marked character. Some idea of the external woj^k 
which was performed by the water after passing over the crest of 
the dam can be had by examining the channel just below as it appeared 
when the river was again low. Great rocks, some of over three tons 
weight, were quarried from the bottom of the river, carried downstream 
some hundred feet, and piled up in a dike. (Fig. i.) The rock at 
this point is laminated limestone, lying in nearly horizontal strata. 

A survey which has been made indicates that in places at least 10 
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feet of solid ledge rock was removed from its bed. It does not appear 
that the stability of the dam is much affe<;ted so far, as it is unusually 
strong both in weight and profile for the heads which it has to carry, but 
to any engineer who is constructing dams, and who has had to do with 



the enormous forces created by large quantities of water rolling over 

crests, these facts are certainly significant and instructive, and may be 
profitably recalled when designing similar structures. 

FLOOD MEASUREMENTS. 

In taking up the problem of flood protection, the first study 
necessarily was to determine, as nearly as possible, the amount of the 
flood of March, 1913. At Dayton, this work is in charge of the Mor- 
gan Engineering Company, and it has been difficult. The best oppor- 
tunities for measurement have been found only in the difference of head 
which the flood marks show above and below certain bridge openings, 
through which the entire flood, or nearly the entire flood, passed. 

The Big Four bridge below Miamisburg, which was badly wrecked 
by the flood, is one of the places in which this determination has been 
attempted. The chief difficulty hes in the fact that we have no means 
of knowing, with any degree of satisfaction, the varying cross-section 
below the low water hne, which was materially increased during the 
flood by the enormous scour. This scour wrecked the foundations 
of the piers and created deep elongated pits in the bottom of the river, 
leaving mounds in some cases upon which the bridge piers stood. 
These and other embarrassments make it difficult to determine, within 
close limits, what the flood flow in the Miami may have been. At 
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Columbus, the passage of the entire Scioto flood over the crest of the 
storag^e dam, with the hourly records of its height, afforded data of 
urmsual interest and well defined the quantities of the flood flow. 

The Columbus dam is 500 ft. long on the crest, about 30 ft. high, 
and is founded upon rock. Its profile is very ample, as it was the inten- 
tion at some time in the future to raise its crest to a considerably 
greater height. The original design of the spillway provided for 
6 ins. of run-off in twenty-four hours from the watershed above. 
Sucli a run-off would have caused the water to flow over its crest to 
a depth of something like 22 ft. Actually the flood of March, 1913, 
reachied a head of 12.8 ft. on the crest, as measured by a gage on the 
upstream side. 



-Clevahon 73' 




Fig. 2. Form of Crest, Columbus Storage Dam. 



It became a matter of importance and interest to study carefully 
all of the available data showing the value of the coefficient "C" in 
the Francis formula, for crests of this type and for this head, the profile 
of the Columbus dam being as shown in Fig. 2. Besides the Columbus 
dam, there was available the profiles and accurate data of the La 
Grange dam (which is somewhat similar), the Austin dam and cer- 
tain dams which were used in the experiments by the United States 
Board of Engineers on Deep Waterways at Cornell University. It 
should be noted that the greatest head for which we have definite in- 
formation occurred on the La Grange dam, upan which flows of 
over 7 ft. in depth have been measured. 

It is not possible to review here the methods of reasoning which 
were adopted in determining this question. Those who are especially 
interested will find them fully stated in the report on the Columbus 
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flood protection. The general conclusion, from an analysis of all the 
available information, was that the coefficient was not increased to any 
marked degree by reason of the special type of crest, and that heads 
of I2i/^ ft. on the Columbus dam would not produce a coefficient of 
more than 3.5 for the Francis formula. The curve which was finally 
concluded to be warranted, and which has a lower value than that as- 
sumed by a number of engineers just after the flood, is shown in 

Fig. 3. 

One very convincing argument in favor of the belief that this 
determination of C was Conservative lies in the fact that applying 
greater cofficients than those indicated by the curve would have re- 
sulted in demonstrating that more water passed over the Columbus 
dam during the flood period than fell as rain on the watershed above. 
The average rainfall on the watershed above the Columbus dam was 
9.34 ins., while the run-off, compiled by the above curve of coefficients, 
was 8.63 ins., giving a run-off of 93 per cent, of the rainfall. This is 
a high rate of run-off, but to decrease it would be to decrease the value 
of the coefficient C materially below what it is believed a conservative 
investigator would be willing to assume. 

At Columbus, it was also necessary to measure the flow of the 
Olentangy River. The best opportunity for this was at Delaware, 
about 25 miles above Columbus, where at a bridge opening through 
which the entire flood passed the water marks above and below were 
distinctly recorded. The bottom of the river being rock, there was 
no considerable change of cross-section, except that due to the de- 
struction of the center pier of the bridge and some erosion of the 
roadbed of the Pennsylvania Railroad, which passes under the western 
span. The conclusions as to the flow of the Olentangy are not based 
upon so secure data as were available for the flow of the Scioto, but 
it is evident that the flow of the Olentangy was considerably greater 
than that of the Scioto per square mile of drainage area, as might 
be expected from its smaller watershed, the final conclusion being 
that the two rivers combined gave 89 sec.-ft. per square mile of drain- 
age area. The Upper Scioto from the measurement at the storage 
dam yielded yy sec.-ft. while the Olentangy measured at Delaware, 
yielded 115 sec.-ft. per square mile of drainage area. 

EROSIVE CURRENTS. 

As has been said, the marked loss of life and the most serious de- 
struction in Columbus occurred in the vicinity of the levee breaks 
and the subways where the impounded water found vent. The de- 
struction under the tracks of the Toledo & Ohio Central Railroad, lo- 
cated on the levee at Sandusky St., was almost complete. The great 
36-in. main of the Columbus water works, which feeds the West Side, 
was here destroyed. This put the water supply of the entire city out 
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of commission for almost an entire day until the water subsided far 
enough so that a valve could be reached which would stop the loss 
through this break. 

The high velocities that were created at the subways, where heads 
as high as lo and 12 ft. were noted between the upstream and do\vn- 
stream water lines, did great damage both above and especially below 
them. Almost all the houses in their immediate neighborhood were 
destroyed and if not swept completely away they were overturned, 
piled up and practically ruined. 

The destruction in the Toledo & Ohio Central Railroad yards at 
Columbus, by breaks in the levee just north of it, was very'great. 
Most of the damage was caused by the height of levee which, when 
overtopped and broken, caused high velocities in the vicinity. 

In Colurtibus, the Baltimore & Ohio Railroad track elevation 
formed an almost complete impounding reser\'oir, through which 
there were only four subway outlets. The one at Sullivant Ave., 
caused great destruction, a pit being excavated to a depth of 24 ft. 
below the street level. (Fig. 4.) The abutments of this subway were 
built of 2 ft, dimension stone, and they held together well. The en- 
tire abutments, however, were undermined, a large portion of one 
being carried clear across Sullivant Ave. 



Many people were drowned at this point because of the rapid 
current. Houses from above the subways were sucked into it and 
their inhabitants drawn down into the rushing water, without hope of 
escape. A field of bowlders many acres in extent covered the diS" 



Too Much Water 131 

^nct below this subway to a depth of 3 or 4 ft., and nearly a' hundred 
liouses were swept away. 

The erosive effects on different types of surfaces were noticed 
by Prof. C E. Sherman of the Ohio State University immediately 
after the flood. Sod appeared to withstand erosion much better than 
macadam, but it was observed that when the sod did begin to give 
way through the erosion, it was destroyed in long furrows, giving the 
appearance of plowed ground. The resisting power of sod against 
erosion has been well-known, but the effects observed in Columbus 
will renew confidence in sodded slopes. 

PROJECTS FOR RELIEF. 

In considering projects for relief, it was, of course, important to 
decide upon the factors of safety which should be introduced. From 
a review of all the large storms in this country, there can be no doubt 
that the storm which covered the Ohio Valley in March, 191 3, was one 
of the very great storms ; nevertheless, it is easy to see that all of the 
factors producing large storms were not present. If the heaviest pre- 
cipitation had occurred entirely within the Ohio Basin, or within any 
one of the different tributaries, or if the precipitation had occurred 
with a great depth of snow on frozen ground, the run-off would have 
been greater and more sudden than was actually the case. 

On one part of the Scioto watershed there was in operation a 
large natural restraining reservoir, which caused the water from the 
upper watershed to be detained, and which prevented additions to the 
crest of the flood, and further, three inches of the total rainfall oc- 
curred after the crest of the flood had passed Columbus. Under these 
circumstances, we must admit that the flood of March, 1913, might 
be materially exceeded in the future. It was a difficult question to 
decide on what scale of protection projects for relief should be based. 
It w^as finally decided to adopt at Columbus at least two scales of pro- 
tection, in order that all might fully understand the relative costs 
involved. 

FACTORS OF SAFETY. 

The results can be best shown upon the well-known chart made 
by Mr. Emil Kuichling for the Deep Waterways Commission some 
ten or twelve years ago. (Fig. 5.) While all of the recent great 
storms are not upon this chart, the more important ones here con- 
sidered are noticed, so that we may visualize them as a basis for 
reasoning, in the light of the great storm which just occurred. It 
must be remembered that in works for relief we have not only to deal 
with great floods, but great floods which may be accompanied by ice 
gorges, accidents to bridges, accumulations of debris and other difficul- 
ties which make it imperative to extend our factors of safety much 
more than would be necessary if they were predicated on flood heights 
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considerations alone, will not suffice. Human life and suffering cannot 
easily be capitalized. 

RESERVOIR PROJECTS. 

Very early in the investigation it was found that large reservoir 
storage was possible both above Columbus and Dayton. Above Co- 
lumbus the watershed of the Olentangy and Scioto rivers is a gently 
rolling one in its upper courses. Some parts of the upper Scioto are 
indeed quite level and formerly comprised a large marsh. For about 
25 miles above Columbus, however, both rivers flow parallel through 
rock gorges from 500 to 1,500 ft. in width and from 60 to 100 ft. in 
depth. There are few tributaries entering the rivers in this reach, and 
a number of good sites for high dams can be found. Those which 
were the most available were located and it was estimated that about 
two inches of rainfall on the watersheds above them could be stored 
in reservoirs whose cost would not be excessive. Other reservoir sites 
than these were observed to be practicable, but with greatly increased 
cost due to the better value of the agricultural lands utilized. It will 
be observed that the March, 1913, rainfall of 9.34 ins. would be nearly 
five times the available economical storage. The small proportional 
storage led to some embarrassments. Speaking generally, however, 
it was fortunate that such good sites were found so near to the points 
to be selected, and upon lands which were either not farmed or were 
not of high value. 

Delaware, as well as Columbus, would be materially benefited by 
a storage dam immediately above it, and it was clear from the studies 
made that the more numerous the communities to be protected, the 
more advantageous general storage becomes. 

It is intereating, as bearing on the general proposition of reser- 
voirs for flood relief, to note how the different conditions in Columbus 
and Dayton pointed toward different solutions of the proposition. 
For Columbus, projects with a fraction of the flood stored in reser- 
voirs, combined with channel improvement, were found to be not 
materially cheaper than a channel-improved project alone, but in Day- 
ton the Morgan Engineering Company has found that supplementary 
channel projects are so expensive, and available reservoir sites so much 
nearer the full flood capacity required, that everything now seems to 
point to reservoirs as the proper solution there, while channel improve- 
ment is the proper solution for Columbus, considered by itself. 

In the Dayton watershed, the reservoirs approach very much 
nearer in capacity to the run-off to be provided for than is the case in 
the Columbus watershed. There is one reservoir proposed on the 
Stillwater River above Dayton which will hold over 12 ins. of rainfall 
from the watershed above it, and another, on the Mad River, has a 
capacity for 6 ins. of rainfall on the watershed above it, and there are 
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three others with a goodly capacity for a proportion of the rainfalls 
which they might receive. This reduces some of the difficulties of 
reservoir projects, because where reservoirs have only a fraction of 
the capacity of the probable rainfall they must be constructed so that 
large quantities can pass over their spillways, and thereby secondary- 
flood waves may be created which are often but little less in height 
than the original flood wave would be. 

It is hard to realize the magnitude of these reservoirs for full 
flow. In the March, 191 3, flood the Dayton reservoirs would hold 
1,500,000 acre-ft., and the Columbus reservoirs 750,000 acre- ft. To 
safely store this vast amount of water in close proximity to the city 
is indeed a problem. It is theoretically possible at Dayton to take 
care of almost all the rainfall which occurred March last, leaving about 
50,000 sec.-ft. to flow through the present city channel, which would 
not tax its capacity. 

Another fact which works in favor of the reservoir solution at 
Dayton is that the dams there can be largely constructed of earth, 
while at Columbus, owing to contracted sites, and the necessity for 
large spillways, the dams must of necessity be of concrete. 



DETAINING TYPE OF DAMS. 
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As a typical example, let us take the dam on the Scioto River 
proposed for the protection of Columbus, known as the "Dublin dam." 
All of the proposed Columbus dams are to be of the "detaining type" ; 
that is to say, constructed with large openings in their bases which will 
permit light floods to pass freely through them without detention 
while larger floods will be partially detained, and great floods more 
largely detained. It is obvious that the greater portion of the lands 
above this type of dam would not be flooded except when a quite 
large flood occurred, so that, with reasonable precautions, they could 
usually be cultivated. It is not, therefore, necessary to devote such* 
lands entirely to reservoir purposes, but it is evidently necessary that 
the land should be owned and controlled for the purpose for which it 
is designed. ''Calamity reservoirs," as we may properly call them, 
should not be filled for any other purpose than to detain great and 
destructive floods, unless a certain definitely defined proportion of 
them be conserved for other purposes and excluded from consideration 
for flood protection purposes. Whether this is safe and certain under 
our American municipal conditions is an open question. 

An interesting set of curves has been worked out for the Columbus 
conditions, which show the theoretical effect of different amounts of 
storage in flood protection; first, where under control by gate regula- 
tion; and second, by automatic detention. Theoretically, it seems 
possible, with any given amount of storage fractionally less than the 
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full flow, to reduce the crest of flood waves by the amount of such 
fractional storage, but to accomplish this practically, the operator would 
have to have a foreknowledge of just where on the rising flood to 
begin to store. 




26 27 26 29 30 Sr I 2 5 

March I8V5 April 1313 

Fig. 6. Hydrographs of Scioto River Below Proposed Dublin Dam Showing 

Effect of Various Dams and Spillways in Reducing Flood of March, 1913. 



With reservoirs practically effective and which automatically 
operate, that is to say, of the detaining type, designs must be made for 
a certain type of flood graph, and for other types of flood graphs, 
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may not be so efficient. At Columbus, studies were made upon the 
actual flood input and output of such reservoirs as were possible on 
the Columbus watershed. Nearly all of the reservoirs, both at Colum- 
bus and at Dayton, would store quite as much water in the upper ten 
or fifteen feet as in the lower sixty or seventy feet. It becomes im- 
portant in so-called fractional storage, under these conditions, to know 
what size and height of spillway and size of sluiceway is best, in order 
to get the best results in effectively cutting oif the crest of any- 
theoretical flood wave. Under the particular conditions of the Dublin 
dam, for instance, it developed that a deep and short spillway was 
most effective. In the diagram (Fig. 6), the different curves show 
important differences in efficiency due to the varying height and leng^ 
of spillway and amount of opening. 

A further diagram was constructed to show the final detention 
efficiencies obtained by the Dublin and Delaware dams above Columbus > 
which together were finally counted upon to detain safely 50,000 sec.-f t. 
of flood flow. Economically, it seemed undesirable to introduce any- 
more storage than this for the protection of Columbus alone. 

The adoption of the detaining type of reservoirs at Columbus was 
largely due to the desire to avoid reliance on human vigilance, thus 
all operated types of flood relief were excluded from consideration as 
a matter of principle. In works which are only to be used once in 
twenty-five or fifty years, it does not seem prudent to rely upon human 
vigilance. Much cost might be saved if certain types of control gates 
and emergency dams could be introduced in works in the city and for 
channel improvement, but all of these were discarded, under the cir- 
cumstances, as being unsafe ai¥i improper of application to a problem 
of this kind. 

It is also to be questioned if great outlet gates are practicable 
in emergency dams, or so-called "calamity reservoirs." Such gates 
must necessarily be very large, exceeding in size most of those now 
used, and operated by power, as they must be, and at infrequent in- 
tervals, their introduction is questionable. 

THE RECOMMENDED PROJECT AT COLUMBUS. 

The recommended project at Dayton has not yet been" finally 
worked out. At Columbus, that recommended might be described 
as a "channel straightening project." The West' Side, consisting of a 
long, narrow, populated area crossing the valley like a dam, is to 
be crossed by a proposed new channel about 6,000 ft long, 900 ft. 
wide at the top, and 600 ft wide at the bottom. Above and below this 
new channel the river is to be confined by levees, converging to the 
channel on the upstream, and diverging from it on the downstream 
side, so that the flood may gather itself together for its flow through 
the channel, then spread itself out again upon the flood plain below^ 
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the city. A mean velocity of 8 ft. per sec. was considered the highest 
desirable within the artificial channel, and 10 ft mean velocity was 
considered the limit for bridge openings. 

The cost of the recommended project was over $11,300,000, of 
which about $8,500,000 would be represented by the city's outlay and 
the balance by the railroads and other interests. 

The expensive part of such a project is comparatively short at 
Columbus, which fact accounts for the favorable comparison of chan- 
nel-straightening projects as against reservoir projects. In Dayton the 
reverse is the case. Any channel project there must be several miles 
in length through well-populated areas. In Columbus, the character 
of the houses in the district where the improvements would be made 
was such that it was found to be more ec6nomical to provide width of 
channel than great depth. Three fine reinforced concrete arch bridges 
are proposed to take the place of five or six old steel bridges existing 
on the Bend. Two railroad bridges may be dispensed with under 
the new plan, and only two new railroad bridges will have to be pro- 
vided. Superior access is given to the city from the West Side, and 
the old abandoned river channel, amounting to about 65 acres, might 
be filled, if desired. About seven hundred and fifty houses would 
have to be taken down or removed, most of them being wooden build- 
ings of the cheaper grade, although one or two good churches and 
some good store buildings are included. 

The city of Columbus has already voted upon a proposition ta 
issue eight and a half million dollars' worth of bonds to initiate this 
improvement, and while considerably over a majority were in favor 
of the proposition, the law in Ohio requires a two-thirds majority,. 
w^hich was not attained. People from the flooded district voted for 
the proposition almost to a man, but other members of the community 
residing on higher ground did not appear to relish the proposition to 
pay for the work with a blanket bond issue, the proceeds of which 
w^ould be very largely used in one section and that the least valuable 
in the city; consequently enough votes were cast against the measure 
to defeat it. 

It is probable that during the coming winter measures will be 
introduced in the Ohio legislature looking toward the formation of 
flood relief districts, by means of which Dayton can combine with 
its adjacent cities and apportion the benefits more properly and justly 
than would be otherwise the case. Such laws would permit Columbus 
to consider more carefully the question of reservoirs in combination 
with Delaware and other smaller cities which might be benefited 
thereby. In any event, it would appear that a law which would provide 
for the special assessment of at least a portion of the benefits ought 
to be passed so that a more equitable adjustment of the costs upon 
the property benefited within the city could be made. 



REMODELED UNDERDRAIN SYSTEM FOR A MECHAN- 
ICAL FILTER PLANT. 



BY JESSE M. WORTHEN, M. D.* 
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Beginning in April, 19 12, the underdrain system of the filters, be- 
gan to give trouble. The strainers and lateral^ became incrusted with 
a lime deposit. Cleaning the strainers failed to relieve permanently 
the condition, as in a few weeks they were incrusted as badly as be- 
fore cleaning. 

There were three styles of strainers in use, first the mushroom 
strainer of the New York Continental Jewell Filtration Company, 
second a small cast bronze strainer with small holes drilled in same, 
and third a small gauze strainer. The last two were made by the 
Simplex Valvp & Meter Company. 

The incrustation seemed to be a calcium carbonate formation, 
although no analysis was made of it. The openings in the strainers 
were filled completely. A heavy deposit was found on the inside as 
well as on the outside of the strainers, and also on the inside of the 
laterals. 

The raw water is taken from an impounding reservoir of 2,500 
acres. The land flooded by the water of the impounding reservoir 
was not cleaned or stripped. It was composed partly of salt marsh 
land. The capacity of the impounding reservoir is 3,000,000,000 
gallons. 

Average analyses of the raw and filtered water in parts per mil- 
lion are as follows : 

Chlorine 

Color 

Turbidity 

Alkalinity (To erythrosine) 

Alkalinity (To phenolphthalein) 

Hardness (Soap test) 

CO2 . 

The treatment of the raw water consists of the addition of 2 
grains of sulphate of alumina as the water leaves the low lift pumps 
on the way to the sedimentation basins. There are two basins with 
a capacity of 5,000,000 gallons each. The water is pumped to basin 

♦Superintendent, Charleston Light and Water Co., Charleston, S. C. 
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No. I, from w^hich it flows through a 24 inch pipe into basin No. 2. 
As the Avater leaves basin No. i, 0.25 grains per gallon of sulphate of 
alumina are added as a recoagulant. From basin No. 2 it flows by 
gravity to the filters. The period of sedimentation is about 20 hours 
in each basin, or a total period of sedimentation of 40 hours. 

The filter plant consists of twelve wooden units/ with a capacity 
of 500,ocx> gallons each in 24 hours. To bring up the alkalinity in 
the filtered water, 0.75 grains per gallon of hydrated lime are added. 
The lime solution is added to the filtered water in the flume which 
carries the filtered water to the clear water basin of 2,000,000 gallons 
capacity. 

On finding the strainers incrusted two methods of cleaning were 
tried. One was to take the strainers out and clean by hand, the 
other was to immerse the strainers in a nitric acid solution. In thirty 
days the strainers were again incrusted. It came to a point of finding 
a substitute for the strainers or a new system of underdrains. 

After much study, and consultation with the American Pipe and 
Construction Company, the following scheme was tried. It has 
proven a success. 

All the lateral system was removed from the filters. New lateral 
pipes w^ere capped and drilled with quarter inch holes spaced six 
inches center to center. These were placed in the filters with the holes 
turned down^rard. Then a system of stringers of wood was put 
in place and held by copper nails. In the bottom and around the 
laterals six inches of ^ to i inch gravel was placed. • On this four 
inches of large pea gravel, then two inches of small pea gravel were 
placed. Over this was placed copper screening, 100 meshes to the 
square inch, nailed with copper nails passing through copper washers. 
The filters were filled to the required depth with sand. See Fig. i 
and Fig. 2 for full details of the new underdrain system. 

To the present time, February 15, 1914, the underdrain system has 
worked to i>erf ection. 
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Fig. I, Plan of Framing for Screen. 
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F^. 2. Cross Section of Framing for Screen. 



THE RELATION OF "0T7T-0F-P0GKET COST" TO RATE 

HAKINO. 



BY MORRIS KNOWLES* AND MAURICE R. SCHARFF.** 
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Within the last few months, we have all been greatly interested 
in the numerous interesting papers and reports that have been pub- 
lished, and in the resulting discussions and controversies, with regard 
to the subjects of valuation, depreciation, rate of return, etc. These 
meetings of minds are of the greatest value, and promise in the near 
future a substantial agreement on some of these perplexing problems 
affecting the determination of a fair gross income for a public utility 
corporation. But we should not forget that the determination of such 
a gross income is only a preliminary step to its distribution among 
consumers by means of just and equitable rates, and we can well 
afford to take up simultaneously some of the unsettled points in the 
construction of rate schedules. It is our desire in this paper to call 
attention to this fact, and to discuss briefly the relation to rate making 
of one element, which we have called for lack of a better name, the 
"Out-of-Pocket Cost". As of especial interest to this audience, we 
shall refer to water rates throughout, although a similar line of reason- 
ing is' equally applicable to some other public utilities, and to some ex- 
tent applicable to all. 

Owing to the difficulty of recognizing inequalities in rate sched- 
ules and to the relatively satisfactory results attained by the customary 
unscientific methods of framing them, there has not been so much 
study given to this portion of the general problem of valuation and 
rate making; yet, all who give the matter thought, must recognize it 
as one of the most important and complex portions of that problem. 
Indeed, so complex is it, involving as it does many yet unanswered 
questions of accounting and of commercial and economic policy, and 
touching at many points the human element, which cannot be mathe- 
matically estimated, it may well be said to be incapable of exact 
solution. 

The perfect system of rates cannot be determined a priori; it 
must come, rather as the result of evolution, of gradual improvement 
as the outcome of human experience. It is, however, possible, with 

*Consulting Engineer, Oliver Building, Pittsburgh. Penna. 
**Principal Assistant Engineer with Morris Knowles, M. Am: See. C. E. 
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an understanding of such principles as have already been worked out 
and using the best judgment we can bring to bear to attain results far 
preferable to those based on the belief that it is useless to compute 
rates at all. For the former method is bound to reach by experience 
a closer and closer approximation to the .truth ; while the latter can 
never advance a single step. 

Now in spite of the complexities and uncertainties in the computa- 
tion of reasonable rates, their definition is fairly well agreed upon. 
Reasonable rates have been defined as 

"Such as will, in an efficiently operated utility, yield suffi- 
cient revenue to permit satisfactory service, and to pay in 
addition to operating and maintenance expenses and depreci- 
ation a fair return upon the fair value of the property used 
and useful for the public service — ^all without discrimination 
and with due regard for the public interest." 
Fortunately, we are not concerned at this time with the meaning 
of satisfactory service, reasonable expenses, depreciation, fa:ir return, 
or fair value. We may, therefore, assume them all satisfactorily set- 
tled, and the proper gross income determined, reducing our definition 
to lower terms in somewhat the following form : 

"Reasonable rates are such as will assess the pro|>er 
gross income upon consumers without discrimination, and 
with due regard for the public interest." 

With these preliminary remarks, let us consider the meaning of 
the terms "without discrimination" and "with due regard for the 
public interest." 

"Discrimination" is defined in the Standard Dictionary as "dif- 
ferential treatment", and the literal application of this definition would 
seem to require that rates "without discrimination" should be based 
strictly on cost of service, without differential treatment according to 
amount of use, hours of use, kind of use or any other distinction. It 
has been repeatedly decided, however, that this term does not pre- 
clude the classification of consumers and diflferential treatment of the 
classes, on any reasonable basis. Some extension must therefore be 
given to the literal meaning of the term, in order to make it workable, 
and while it has not been clearly formulated by the authorities, the 
"rule of reason" would appear to require that discrimination be defined 
as "diflFerential treatment, except in so far as public interest requires/* 

Pursuing this line of thought a step further, we have come to the 
conclusion that there are but two grounds on which "public interest" 
may require differential treatment of consumers. 

First, — in order to secure some contribution to the public 
welfare — a method of indirect taxation of those 
against whom the differential treatment militates. 
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Second, — in order to lower the cost to other consumers by re- 
taining or securing custom which would otherwise 
be lost. 

Some will no doubt contend that "with due regard for the public 
interest" has reference to the general welfare in such a. way as to 
justify the lowering of rates on certain necessities to certain consumers, 
even to below cost, for the sake of extending the benefit connected with 
their use, or in order to encourage business, or for some similar reason. 
The argument appears to be that, while such steps have the effect of 
saddling a disproportionate share of the expense upon other services, 
or upon other consumers, it is nevertheless justifiable as a kind of 
indirect tax, and as in the public interest. Thus it may be held that 
freight rates on coal should be low, so as to permit the cheap movement 
of fuel, and to prevent the localization of industry near the coal fields, 
with resultant evil social effects. Again, it is argued that water should 
be supplied free to charitable institutions and to new factories or in- 
dustries, on account of the public interest therein; and that water 
should be supplied to small consumers at excessively low rates, so as 
to favor liberal use and promote public health. But we see no force 
in these arguments as applied to rate making. Indirect taxation is 
a useful part of our system of- raising governmental revenue, and 
on account of the relative ease of administration and collection, may 
well be retained until equitable methods of direct taxation, such as 
income taxes, are more thoroughly worked out. But we are inclined 
to believe that its use should be confined to raising public revenue and 
that it should never take the place of actual governmental appropri- 
ation as a method of subsidizing any industry or service, no matter 
how desirable the encouragement of the latter is from the point of 
view of public welfare. We believe that President Wilson is deserving 
of the highest commendation for refusing to compromise with a 
principle in order to carry out an ill-considered plank of the Baltimore 
platform, and for demanding of Congress that, if coastwise shipping 
is to be subsidized, it be done in the open and above board by con- 
gressional appropriation and not by the underhanded method of remit- 
ting tolls for passage through the Panama Canal. 

There remains, then, only the second basis which seems to us 
proper as a reason for differential treatment of consumers — ^in order 
to lower the cost to other consumers by retaining custom which would 
otherwise be lost. How this worics out may be very readily explained. 
Assume a small waterworks with a gross income, which must be col- 
lected when it is supplying 1,000,000 gallons per day, of $35,000. Now 
suppose one large consumer, using 100,000 gallons per day and paying 
$3500 per year should find that he could secure water elsewhere 
at a cost of $2500 per year, and should disconnect from the mains. 
The amount supplied would drop to 900,000 gallons per day; but 
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interest, depreciation and maintenance would remain practically the 
same ; it would still be necessary to have the same number of engineers 
and firemen; and the only saving would be a small amount on fuel, 
alum, hypochlorite, oil and waste, etc., which would certainly not be 
in excess "of $1000 per year, and would probably be a great deal less. 
So that the* gross income to be raised might be reduced to say $34,000., 
all of which would have to be raised from other consumers. • Now if 
all other conditions remained the same, and the rate for the large con- 
sumer were reduced so as to just hold his custom, when paying $2500. 
per year, the total gross income would still be $35,000. and the portion 
to be raised from consumers other than the large one would be $32,500, 
or $1500, less than in the other case. Their rates could, of course, be 
correspondingly lower than would be necessary if the large consumer 
were lost. The advantage of such an arrangement to all of the con- 
sumers is obvious, and such differential treatment if necessary to 
secure this advantage, would not only not constitute discrimination 
as we have defined it, but would appear to be a plain duty of the water 
works as a public utility. 

In. brief, it is to the advantage of all consumers that large, long 
hour, high load-factor consumers be retained. Differential treatment 
of them does not constitute discrimination, so long as it will result 
in advantage and saving to other consumers. Such concessions in 
rates, however, must not be greater than actually necessary to meet the 
competition of other sources of supply. And in any case, they must 
not be so great as to increase instead of decrease the income to be 
collected from other consumers. Thus in the case cited above, if it 
were possible to get the business at $2500., any rate less than that sum 
would constitute discrimination. While if it were really necessary in 
order to meet competition, any rate greater than $1000. per year would 
effect some saving for other consumers, and would be justifiable. 
A rate less than $1000., however would make the amotmt to be col- 
lected from other consumers greater than if the large consumer ceased 
entirely to take service. This would certainly be discrimination under 
our definition. 

The lower limit ($1,000. in the above case) below which rate con- 
cessions cannot be made, even if necessary to secure business, without 
constituting discrimination, and which re{)resents the actual expense 
which would be saved if the consumer in question were disconnected, 
we have called the "Out-of-Pocket Cost". We have found its esti- 
mation of value, not only for determining the lower limit of the proper 
total annual charge, but also practically, in framing rate schedules. 

The cost of supplying water may be said to be made up in the first 
analysis, of the Cost of Readiness to Serve, or costs which result 
from providing the plant and maintaining it ready to serve, and 
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Output Costs, which result from operating the plant, and vary more or 
less closely with the amount of water supplied. 

The Cost of Readiness to Serve may be further sub-divided into 
Capacity Cost, of which interest is the best example, which varies 
directly as the capacity of the plant, and may equitably be 'distributed 
to consumers in proportion to their demands,"which require this ca- 
pacity ; and the Service Cost, which varies with the number of services, 
and may equitably be assessed equally upon all services. Meter reading, 
billing and collecting are typical of this. 

Similarily, the Output Cost may be divided into two parts, the Out 
of Pocket Cost, defined as above, and including all expenses for ma- 
terials and labor used in small units and varying closely with the con- 
sumption; such as coal and alum; and the Remaining Output Cost, 
which includes expenses occurring in large units and varying somewhat 
with, but not directly as the consumption. Typical of these are the 
wages of pumping engineers and firemen. 

In computing a rate schedule, it seems reasonable to divide the 
gross income into these four parts, and to combine the Demand Charge, 
equal to the demand of the consumer (as measured by the size of 
meter) over the total demand, times the total Demand Cost, and the 
Consumer Charge, equal to the Consumer Cost, divided by the number 
of consumers, in a minimum charge. If no differential treatment 
were necessary, all the remaining costs would then be assessed by a 
uniform meter rate, obtained by dividing the total Output Cost by the 
total annual metered sale of water. Differential treatment, in order 
to secure the business of favorable consumers who would not take 
water under these circumstances, might then be effected by relieving 
such consumers either of a portion or all of the Minimum Charge, 
or of a portion or all of the Remaining Output Cost, or of a portion 
or all of both. But it happens that the Minimum Charge so calculated, 
is ordinarily a small part of the cost of water to the large, long hour, 
high load- factor consumer to whom concessions must be made. More- 
over, it would unduly complicate rate schedule computations to at- 
tempt to divide the necessary concession between the Minimum Charge 
and the Meter Charge. And we have not, in our experience, met with 
any such case in which the possible concession in the meter rate was 
not sufficient or more than sufficient to get the business. 

Conceivably it might be possible to classify consumers into groups 
by quantity used, location, or whatever reasonable basis made differ- 
ential treatment necessary, determining for each group the cost of 
an ahemative supply to which they would turn if concession were not 
niade, and fixing in this way the extent to which it would be necessary 
and proper to relieve each group of a portion of the charge. But 
ordinarily this would be difficult or impossible, and it will usually be 
preferable to group all such large consumers, whose loss is threatened. 
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into one group, determining the extent to which it will be necessary 
to relieve the consumer most favorably situated with respect to an al~ 
temative supply and either apply his rate to all large consumers, or 
if he is the largest (as is likely), taper the rate to this in uniform 
steps from the smaller consumers' rate. 

These computations cannot, of course, be established as theo- 
retically accurate, but improved accounting and good judgment will lead 
to results in which confidence may be had as closely approximating 
the ideal. As an example of the method, we present below in skele- 
ton, the computations involved in its application to a rate schedule 
prepared for a small water company in the East. 

The fair normal gross income for the period to which the rates; 
were to apply was first determined as $62,970.00. This was then 
distributed in the manner shown in Table I. 

The fair fire protection payment to be made by the city was then 
computed as $14,566.00 (the method need not concern us at this time.) 
Deducting this from the total Capacity Cost, we have $29,576.00 left to 
assess on consumers as Demand Charges. 

The estimated number of meters and the assumed demand of each 
having been agreed upon, the Demand Charge for each size of meter 
was then computed as shown in Table II. 

table II. 
computation of demand charges 



Size 


of 


Number 


Demand 


Total 


Demand 


Meter 


of Meters 


per Meter 


Demand 


Charge per 








c. f . p. m. 




Meter 


H". 


I spigot 


500 


I 


500 


$4.00 


H' 




1909 


2 


3818 


8.00 


Ya" 




220 


4 


880 


15.90 


I ' 




109 


8 


872 


31.80 


lyr 




I 


12 


12 


47.80 


2 " 




I 


20 


20 


80.00 


3 ' 




8 


40 


320 


160.00 


4 ' 




4 


80 


320 


320.00 


6 ' 


# 


3 


120 


360 


480.00 


8 ' 




2 


160 


320 


640.00 



Total 2757 7422 

The Service Charge was then computed by dividing $3802., the 
total Service Cost, by the total assumed number of meters, and was 
equal to $1.40. 

The total annual metered consumption was then estimated at 
452,500,000 gallons, of which 270,000,000 gallons would be taken by 
a single large industry — the one consumer, if any, to whom concession 
would have to be made. Dividing the total Output Cost by the total 
consumption, we arrive at $0,033 per 1000 gallons as the average 
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meter rate at which all water would be sold if no differential treatment 
were necessary. Dividing the Out of Pocket cost by the total consump- 
tion, we have $0,012 per 1000 gallons, as the Out of Pocket Meter 
Charge, or the lower extreme to which the meter rate of the large con- 
sumer could properly be reduced, if the maximtun concession had to be 
made. And dividing the Remaining Output Cost by the consumption of 
all except the one large consumer, and adding the quotient, $0,053, to 
the Out of Pocket Meter Charge, $0,012, we get $0,065 P^^ 1000 
gallons as the meter rate which small consumers would have to pay if 
the maximum concession were made to the largest consumer. 

In any particular case of this kind, the next step would be to de- 
termine to what extent concession would be necessary in order to retain 
the custom of the large consumer, and so to fix between these limits 
the rates for the Several classes of service. It happened in this case 
that it was determined that there would be no danger of losing the large 
consumer even at the average meter rate, so that the latter Avas rec- 
ommended for adoption. It was also considered advisable in this case 
to include in the Minimum Charge, for 5^" meter only, a charge, 
at»the average meter rate, for 30,000 gallons per year, in order to fore- 
stall the criticism that metering would curtail the use of water by the 
poor to a point below the minimum requirements of hygiene. The re- 
sulting schedule of net charges, together with the gross rates made 
necessary in order to apply a 10% discount for prompt payment, and 
the rounded figures recommended for actual use, are shown in Table 
III. 











TABLE 


III. 










NET, GROSS, 


AND ROUNDED RATES 


COMPUTED 


AS ABOVE 




Item 




Size of 




Net 


Gross 


Rounded 






Meter 




Charge 


Charge 


Rate 


Minimum Charge* 


H", 


I Spigot 




$ 640 


$ 7.10 


$ 7.00 






' * 


H" 






1040 


ii.6b 


12.00 








^" 






17.30 


19.20 


20.00 








I " 






33.20 


36.90 


40.00 








i^" 






49.20 


54.70 


55.00 








2 " 






81.40 


9040 


90.00 






, 


3 " 






161.40 


179.30 


180.00 








4 " 




' 


321.40 


357.10 


360.00 








6 " 






481.40 


534.90 


540.00 


tt 


>» 


8 " 






641.40 


712.70 


720.00 


Meter 












.033 


.037 


.04 



* Minimum Charge for ^" meters only includes charge for 30,000 gallons of 
water per year. 



THE IRON REMOVAL PLANT OF THE CHAMPAIGN 

AND TJBBANA WATER OOBIPANT. 



BY ARTHUR N. TALBOT.* 



Reference has been made in the Proceedings of the Illinois Water 
Supply Association to experimental work on the removal of iron from 
the drift well water supplied by the Champaign and Urbana Water 
Companyf. This plant was practically completed at the time of the 
191 3 meeting of the Society. It was put into operation about July i, 

The Champaign and Urbana Water Company obtains its supply 
from -wells 150 to 160 feet deep which draw their water from fine 
sand in the drift. This water contains about two parts of iron (Fe) 
per million. As pumped from the wells, the water holds about forty 
parts of carbon dioxide per million, and practically no dissolved 
oxygen. The aeration obtained as the water is discharged from the 
wells* into the reservoir adds oxygen to an amount of about four 
parts p>er million. Considerable trouble has been found at various 
times vrith the growth of crenothrix in the mains and at other places,. 
and the dripping of water gave a stain to porcelain and other material. 
Xhe collection of sediment in mains at dead ends and in connected lines 
having^ little movement of water has been such as to give trouble when 
a current is formed by the opening of fire hydrants or by other large 
drafts of water and the sediment is stirred up and carried through the 
service pipes. The small amotmt of iron in the water would not be so 
troublesome, if it were distributed through the supply in the way it 
comes from the wells, but when a large amount of iron and the ac- 
companying growths are concentrated at particular times and in spe- 
cial localities in the city the difficulties are emphasized. Under these 
circumstances the company decided to construct an iron removal 
plant along" lines which followed the methods used in the experimental 

plant. ..." 

The process used involves aeration and filtration through a sand 

*ProiessOT of Municipal and Sanitary Engineering, University of Illinois. 

fRemoval of Iron from a Drift Well Water; Proceedings of the Illinois; 
Water Supply Association, 191 1, 151. Further Tests on the Removal of Iron 
f m Drift Well Water, Proceedings of the Illinois Water Supply Association,. 

1912, 22^ 
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filter, no coa^lants being applied. The filter is much like the ordinary 
rapid sand filter except that coarser sand is used. Aside from re- 
moving iron from the water, among the special features of the plant 
are the method of measuring the raw water as it is discharged into 
ihe filter and the provision for variable level of water on the fiher as a 
means of regulating the rate of flow through the filter. 

The water is pumped from the wells into a receiving reservoir, 
which will be termed the raw water reservoir. Some aeration is ob- 
tained as the water is discharged into the reservoir. The water is 
pumped from the raw water reservoir upon the filters, and the filters 
discharge by gravity into the clear water reservoir. The two reser- 
voirs named have been in use for many years. 

The filter consists of four units of a nominal capacity of 500,000 
gallons per 24 hours each, located in such a way that the number of 
units may be increased when needed. Fig. i shows the plan of the filter 



Cherm 

Fig. 2. Transverse Section Through Filter House. 

and piping system. Fig. 2 is a transverse elevation. Each fiher is 12 
by 15 ft. in dimension, giving, with the space taken out at the corners, 
a cross-section of 178 sq. ft. The filter wails extend 9 ft. above the 
floor of the filter. The walls are built of concrete reinforced with 
steel rods, but their thickness is, probably sufficient to resist the head 
of water without the reinforcement. The walls and floor are of 1-2-4 
concrete and the foundations of 1-3-6 concrete. A fill of concrete 
made of one part cement, four parts of sand, and eight parts of 
cinders was placed under part of the floor. The foimdation was first 
put in to the height of the middle of the depth of the floor. The walls 
were then built, the north two filters being constructed first and the 
south two filters next, the work in each case being completed in a 
working day. A thickness of floor was next put in up to the level of 
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are 10 in. deep at the upper end and 14 in. deep at the lower end. These 
wash troughs have proved to be very satisfactory. The two wash 
troughs discharge into a channel placed along the ledge in the front 
wall of the filter, the wall being recessed 2 in. to give a larger cross- 
section, and the channel slopes both ways to an opening in the wall 
which connects with the lo-in. discharge line. This lo-in. drain con- 
nects with the sewer and there is a by-pass which permits a discharge 
into the raw water reservoir. 

The raw water is discharged into the filter through an orifice in 
the vertical pipe, rising as a jet and dropping vertically to the surface 
of the water in the filter. The result is an increased aeration and the 
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Fig. 4. Raw Water Orifice and Discharge Diagram. 

water is practically saturated with oxygen when it reaches the filter. 
Fig. 4 shows the arrangement of the orifice. The vertical pipe (raw 
water discharge) has a connection with the glass tube. A scale along the 
tube properly graduated indicates the quantity of water which is being 
discharged, and the raw water valve is regulated until the desired rate 
of filtration is indicated on this scale. The apparatus forms a simple, 
accurate and sensitive method of determining the quantity of water 
discharged upon the filter. The figure also gives the discharge of the 
orifice at different heads. 

The filter bed consists of about 30 in. of sand and 8 in. of gravel. 
The gravel ranges between J4 and J^ in. The sand is washed bank 
sand from Williamsport, Indiana. After putting it in place in the 
filter, the sand was thoroughly washed several times by the usual filter 
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washing process, and the layers of fine particles which formed on the 
surface were then removed. Although this sand is not as uniform in 
size as is the filter sand which is usually specified, the saving in cost 
was so much that it was thought best to use it. 

Two 8-in. American centrifugal pumps are used for pumping- the 
raw water and wash water, being installed in such a way that either 
pump may be used for the raw water or the wash water. The pumps 
are run by 15 h. p. induction motors (with wound rotor), belt driven. 
Drum controllers and rheostats permit the speed of the pump to be 
changed 20% or more. This arrangement gives conditions of vari- 
able speed adequate for the range of discharge desired, and has proved 
a very satisfactory one. Care was taken in advance to estimate care- 
fully the head pumped against and the speed necessary for the dif- 
ferent rates of discharge. The blower was furnished )jy the Conners- 
ville Blower Company and has a capacity of 360 cu. ft. of air per min- 
ute. 

The operating platform runs along the front of the filters at a 
height of about 8 ft. above the floor of the building. The various 
valves for the several filters occupy the same places relatively and are 
operated from this platform. All the principal valves of the piping 
system except those on the suction lines are also operated from this 
platform, as are the motors. 

The east, north, and south walls of the filters form part of the 
enclosing building. The remaining walls of the building are 
brick covered with stucco. ♦ 

As ordinarily operated, three filters have been in service and the 
normal amount of water used has been about 1,500,000 gallons per 
day. After a filter is washed the raw water discharge valve is set to 
give a discharge of, say, 350 gallons per minute. This is done when 
the water over the filter stands at a medium level, say 2 ft. below the 
overflow. The effluent valve is set so as to show the amount of lost head 
which experience tells is the usual amount just after the washing of 
the filters. If the head of water on the filter at starting is more than 
sufficient to produce the desired rate of filtration, the level of the 
water lowers, and if it is not sufficient to give the desired rate the level 
rises, until the level adjusts itself to give a filtration rate through the 
filter equal to the discharge upon the filter. As the filter clogs, the level 
of the water in the filter will rise to give the necessary additional head. 
A range of 4 ft. in the level of the water is available. A change in the 
effluent valve two or three times between periods of washing is suffi- 
cient to keep well within this range and to prevent overflow from the 
filter to the raw water reservoir. It has been found that the regulation 
of the rate of filtration is very easily managed, and the method has 
proved to be satisfactory. It has advantages over the use of a con- 
troller on the effluent pipe whose operation is hidden and uncertain, 
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and the amount of lost head is less with this device and the filter need 
not be raised to provide for such lost head. It also gives an accurate 
measurenneiit of the water discharged upon each filter, which the ordi- 
nary controller does not do. The pumping arrangements work very 
smoothly and the piping system has proved convenient and satisfactory. 

When the filters were first put in operation and while the sand 
was new, tHe filtration results were fully satisfactory. Only a trace of 
iron was found in the effluent. The runs were 30 hours or more and 
washing of the filter seemed to remove all sediment and restore the sand 
to its first condition, and no higher loss of head at starting was found 
than at the beginning of operation. After a month or six weeks of 
service, however, there was such an accumulation of sticky material in 
the filter bed and the sand grains had become so coated with this sticky 
substance that adequate washing over the whole area of a bed was im- 
practicable, and the loss of head through the filter immediately after the 
bed had been washed became very high. The intervals between neces- 
sary w^asHing^ were reduced to a few hours. While the filters were in 
this condition, large cracks would aopear over the surface of the 
filter running well down into the sand, the appearance being much the 
same as that of mud cracks after drying. The effluent became poorer 
and p>oorer until at one time not half of the iron was removed by the 
process. Xo remedy this condition the sand from a filter was removed 
and given a thorough washing, and returned to its place in the filter. 
The result was that the operation of the filter became as satisfactory 
as w^hen it was first put in operation. The other filters were then given 
the same treatment. As showing the condition of the sand layer, it 
may be said that pumping the sand through a centrifugal pump cleans 
it and separates the sticky material from the sand satisfactorily, and 
that the foreign matter will then float off and drain away. Further 
work is required to perfect the process of this occasional thorough 
washing of the sand. It is thought that the sand of a filter may be 
washed by running it through a centrifugal pump, and returned to its 
place directly, without using much more water than is required for the 
ordinary daily wash of the filter. The sand of the beds has been 
washed twice in eight months. 

At present the occasional use of a fire hose in the bed in stirring 
and washing the sand grains has been found to be effective, and this 
will extend the length of the interval between the times when it will 
be necessary to scour the sand. The amount of water so used is not 
more than that required for the ordinary daily wash. 

Changes have been made in the practice in the usual washing 
of the filter. 'The air wash is used as a means of stirring and is not 
generally put on while the wash water is being wasted. The bed is 
^Iso stirred manually by means of a garden rake. Two washes are 



156 Illinois Water Supply Association 

given each day, as that has been found to give better results and not 
to increase the amount of wash water required. 

During this time, experimental work has been carried on through 
the cooperation of the State Water Survey, with one or more of the 
filters, to learn if the application of chemicals to the water would lessen 
the difficulties in the washing of the filters. Suffice it to say that no 
advantage was found by the application of any of the chemicals used. 

The clogging of the filters was the only difficulty which had been 
feared and now that this obstacle in the operation of the filter has 
been overcome the results are entirely satisfactory. The removal of 
iron from the water without the use of chemicals is found to be a very 
simple process. It seems probable that the same process is applicable 
to many of our drift well waters. 

The entire work of constructing the filters was done by the water 
company's force and by day labor, no contracts being let. Mr. F. C. 
Amsbary, manager of the water works company, was in general charge 
of the work. Mr. Marquard, engineer of the water company, super- 
intended the installation of the piping, pumping, and strainer systems 
and of the filter materials. Mr. G. C. Habermeyer made details of the 
plans and inspected the construction for the writer. 

Discussion. 

F. C. Amsbary: (By letter) The success of our filter plant, which 
was designed and the construction superintended by Prof. Talbot, 
is unquestioned. On the average we are removing 85 to 90% of the 
iron and the product is very satisfactory. From a mechanical stand- 
point, we have experienced no trouble at all. All of our troubles have 
come from the sand beds fouling as described by' Prof. Talbot in his 
paper. As he says, we have managed to keep the filter in fairly good 
working order by extra labor on the sand beds. The substance that 
collects through the sand bed is very tenacious and requires more 
agitation to clean it than is given by the ordinary washing process. 

We expect, during the coming spring, for the purpose of experi- 
ment, to remove the present bed from one of the filters and put in a 
larger proportion of gravel with about one foot of sand much finer than 
that now used to see if we can catch and hold the iron oxide on the 
surface of the bed, believing if we can prevent it from penetrating 
the sand bed much of our trouble will be over. 

The effect of removal of iron from the water has pleased our 
patrons greatly. We do not receive one complaint now, where fifty 
came in before the filter was put in operation. Those of you who have 
the active management of water plants under your charge, will perhaps 
realize what this means towards making life more enjoyable. 

The growth of crenothrix in the distribution system memtioned 
by Prof. Talbot, was the cause of most of our complaints from con- 
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sumers before the filters were put in operation. This growth had 
become quite heavy and most of our mains were affected. When the 
iron, or most of it, was removed from the water, there was nothing to 
nourish the crenothrix so that it died in the mains and imparted an 
odor and taste to the water. About this time the biennial story got 
afloat that a nigger baby had been found in the water works reservoir. 
The taste and smell of the water convinced many of our patrons that 
the story was true. The taste soon passed away. Frequent flushing 
of the mains hastened its departure, and has made the supply unob- 
jectionable. 

The State Water Survey under the direction of Dr. Bartow, 
has been of great help to us in planning methods of operating the 
filters. 

We have installed a laboratory with simple apparatus for testing 
the effluent water for iron content. This will, no doubt, aid us consid- 
erably in the operation of the plant. 

F. IV. Mohlman: (By letter) Mr. Langelier and I have carried 
on experiments at the filter plant from September, 19 13 to January, 
19 14. During this time we made several hundred determinations of 
the iron content of the raw and filtered water. From December ist 
to January 15th, lime was applied at the rate of one grain per gallon 
to the water flowing into filter No. 4. This allowed a reaction period 
of only fifteen to twenty minutes. The time for reaction could not be 
increased without applying lime to all of the water in the upper reser- 
voir; which was impracticable. 

Analyses of the effluent of No. 4 compared with that from a filter 
operated without lime, showed an advantage of from .'i to .3 parts 
per million Fe for the lime-fed filter. No advantage could be noted 
in the condition of the bed. A more detailed account of the experi- 
ment, and the other results of our work at the plant will be given later. 

IV. W. DeBerard : (By letter) When looking at the plant the other 
day I had in mind to ask you whether or not you have ever considered 
the possibility of using an additional grid placed immediately above 
the sandlayer, while the latter was at rest, but which would be sub- 
merged in sand when the wash water was applied to the under drain. 

I might say, that I tried this method at the experimental filters at 
Oakland in 1908 and found that I was able to wash the filters from the 
additional upper grid in an extremely efficient manner. 

The squirting or jet velocity issuing from the upper grid had a 
chance to act directly on the sand grains. As you know, this jet ve- 
locity from the underdrain system is entirely lost before it reaches 
any of the lower sand grains. 

We tried several different ways of turning the holes in the upper 
grid system ; when turning them up we lost a great deal of sand which 
was carried over into the wash water trough. Finally we were able 
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to get just as good results without loss of sand by turning the grid 
holes so that they were directed downward and away from the trough. 
As I remembered it off hand, we used a ^ in. hole spaced about four 
inches apart and a minimum amount of water of about 0.6 feet vertical 
rise in the lower grid drain system and 0.4 ft. in the additional grid. 
No air was used and the sand was always in perfectly clean condition ; 
in fact, so clean that we were not able to get much of any bacterial 
results. 

We did not care in this particular case because the original >\'ater 
contains comparatively few bacteria, less than a hundred in most cases. 



THE FILTER PLANT AT FLINT, MICHIGAN. 



BY R. S. BUZZELL.* 



Until the official opening of the new mechanical filtration plant 
in January of this year, the city's drinking water was supplied by 
individual wells. 



Fig. I. Filtration Plant, Flint, Mich. Exterior. 

The present filtration plant (Fig. i) is about one and a half miles 
above the city on the Flint river. It is the ordinary type of mechanical 
filter, total capacity 12,000,000 gallons per twenty four hours, having 
two coagulating basins of about 1,000,000 gallons each and a clear well 
capacity of 2,000,0000 gallons. 
'Superintendent. 
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Fig. 2. Filtration Plant, Flint, Mich. Interior. 

There are eight units, (Fig. 2) equipped with separate air mani- 
folds, so that air and wash water can, if it is desired, be applied to- 
gether during the wash. Each unit is equiped with loss of head gages, 
rate controllers and hydraulically operated valves. 

At the present time aluminum sulphate is used for coagulant 
{Fig. 3) and the feed controlled through orifice boxes. 

A hypochlorite apparatus is installed and so arranged that the so- 
lution can be added before the addition of the coagulant, also at a point 
before the water enters the filter beds and it can be applied, if necessary 
on the down stream side of the clear well. 

The plant has been in continuous operation since July 1913, ex- 
cepting several short periods when operations ceased for necessary 
adjustments. The water has generally a low bacterial content for a 
river water. There are many springs in the river above the intake 
and practically nothing more than drainage from farm lands emptying 
into the river above the plant. The specifications require the plant to 
produce an effluent containing not to exceed seventy germs per cubic 
centimeter, except when the germ content of the raw water exceeds 
3500, then the effluent should show a removal efficiency of 98%, 

The maximum bacterial content of the river water since beginning 
operations in July 1913 was 2170 per cc. ; the minimum 75, plated on 
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Fig. 3- Coagulant Tanks, Flint, Mich. 

1% Agar and grown at 37>2° C. The maximum count on gelatin at 
20° C was 22,050, minimum 135. 

The bacterial content of the filtered water runs from two to ten 
germs per cubic centimeter. From one to three grains of coagulant 
per gallon have been used since July, 1913, and during the past win- 
ter months from one to two grains have given a good reduction of 
color. 

The alkalinity has varied from 126 to 260 parts. The maximum 
color of the river water was 160 parts, but during the past winter 
months the color has been from 30 to 45, with a color of the filtered 
water from 8 to 15. 

Hypochlorite has been used since January. .2 to .4 parts avail- 
able chlorine eliminates all B. Coli in one and ten cubic centi- 
meters of water, while gas formers are present in i cc. and i/io 
cc, of the river water. The average amount of wash water used 
is 2.5% of the amount filtered. 

Before the plant was officially opened in January, 1914, colony 
counts and tests for B. Coli were made upon water from many taps 
in the city. The final test showed the germ content to be similar to the 
tap water in the laboratory. An important and valuable final test was 
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made for pathogenic danisms. Samples were collected from the 
intake and twelve ditiferent taps in the city. One cc. from each was 
inoculated into tubes of sterile bouillon and grown at 37j^° C for 
twenty-four hours. The bouillon solution from the city taps after 
twenty-four hours growth were clear, while the raw water tube 
rfiowed a high turbidity due to germ growth. 

One cc. from each tube was then inoculated into the abdominal 
cavity of guinea pigs and the symptoms noted. The pigs inoculated 
with the cultures from the taps were unaffected, while a pig inoculated 
with I cc. of the culture of raw water died in eight hours. Bac- 
teriolc^cal examination of the heart's blood, liver, spleen and exudate 
showed positive B. Coli in those organs. 

The usual methods of keeping records and hourly loss of head 



Fig. 4. Laboratory, Filtration Plant, Flint, Mich. 

readings are taken by the attendant on duty, giving a good check on 
operations. 

In our well equipped laboratory (Fig. 4), besides the routine 
methods of water analysis connected with the water purification 
work, we are beginning to do considerable chemical and bacteriological 
work for the city. 



/ 



THE RAPID FILTER PLANT AT EVANSTON, ILLINOIS. 



BY LANGDON PEARSE.* 



In the interesting paper on the filtration plant at St. Louis, Mr, 
Wall has presented details of the largest rapid filter yet undertaken, 
which will filter water derived from one of the muddiest streams in 
the world. My paper will describe briefly a comparatively small plant, 
of twelve million gallons daily capacity, handling water from Lake 
Michigan. This size, however, is more akin to the problems which the 
average water-works official in Illinois has to meet. 

The installation of a plant was urged by the State Water Survey 
and the health officials of Evanston because' of the poor condition of 
the water in Evanston, both from the hygienic and aesthetic standpoint. 
The intake is only i i-6 miles offshore, well within the range of drift 
for the sewage of Evanston and Wilmette, the greater portion of which 
is discharged on the lake front. In the winter of 1911-1912 a severe 
threatened epidemic of typhoid was averted only by the emergency use 
of chloride of lime.f 

When the matter was agitated in 1912, Mr. W. W. Jackson and 
the writer made a report, in August of that year, recommending the 
construction of a plant of the rapid-filter type. By a popular vote, in 
the same fall, a bond issue was authorized. Plans and specifications 
were prepared by Mr. George W^ Fuller, of New York City, and the 
writer, on which bids were received in April. Active construction 
work commenced in June, 1913, under our direction, with Mr. C. G, 
Gillespie as the resident engineer. 

Doubtless some of you will ask why the plant was made of 12,000, 
000 gallons capacity for an estimated population of about 30,000. The 
reason for this is the abnormal daily average pumpage in the summer 
time, the daily average frequently running 12,000,000 gallons per day 
for a continued perjod of hot weather, with peak loads for four hours 
as high as 17,000,000 gallons per day in the afternoon. The average 
daily pumpage by the year has been about 6,000,000 gallons per day for 
the last ten years (Fig. i), the effect of increase in population having 
been taken care of by inspection of services and leaks. This large use 
of water is due principally to lawn sprinkling, since the pumpage drops 
suddenly in summer time on cloudy, and particularly on rainy days 

^Division Engineer, The Sanitary District of Chicago. 
tSee Proc. 111. Water Supply Assn. 1912. 
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(Fig. 2). With the condition in mind of continued daily loads, and the 
possibility of a healthy growth of population, 12,000,000 gallons capa- 
city seemed a nominal size for this community. This rating is based 
on the usual rating of 125,000,000 gallons per acre per day. 

The filter plant is located on Sheridan Road about one mile north 
of the center of the city on a site adjoining the Northwestern Univer- 
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Evanston, Illinois, 1912. 
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sity and y>o ft. from the existing city pumping station. A low-lift 
pumping station is being built adjoining the present pumping station, 
which will be equipped with three centrifugal pumps, two of 10,000.000 
and one of 6,000,000 gallons per day, capacity, with a lift of about 35 ft. 
These will be geared to steam turbines, the entire outfit being furnished 
by the DeLaval Steam Turbine Company, with a guaranteed duty in 
excess of 69,000,000 ft.-lb. per 1,000 lb. of dry steam for the larger 
units operating condensing with about 26 in. vacuum. A 30 in. cast 
iron force main will conduct the raw water to the entrance to the mix- 
ing chamber, a Venturi .meter being placed on the line to measure the 
pumpage. 






■A■:i■:f■■■»■^■:<■<!r^^■^•■:■'i:■■i^i^:■■::■■;.rr^^■^ ■:^^ 



J^ 




l,iV'^r>V;r.:'vi*:.-:v-..*:v.v:;:.A:».:;;.v'^AiV 






S6'6' ^ 



ii^m 



Fig. 3. Plan of Mixing Chamber and Coagulating Basins, Showing Baffles. 

The mixing chamber (Fig. 3) is about 96^^ ft. by 14 ft. in size, 
with a depth of i8ft., having a total capacity of approximately 170,000 
gallons, giving a nominal mixing period of 20 minutes. The basin is to 
be constructed entirely of reinforced concrete, divided into bays by 
wooden baffles to maintain velocities of approximately i ft. per second. 
The mixing chamber lies between and is part of two coagulating basins 
(Fig. 4) each about 39H by 965^ ft. in size, and 15 ft. deep, having a 
combined capacity of approximately 830,000 gallons, giving a nominal 
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period of sedimentation of i hr. and 40 minutes. These are to be con- 
structed entirely of reinforced concrete with a groined arch roof, each 
campartment being divided by two concrete baffles into three bays to 
insure circulation. 

The coagulated water will flow in a concrete channel across the 
space left for the extension of the filters to six rapid-filter units, each 
23^ by 36 ft. inside diameter, having an aggregate filter surface of 
4425 sq. ft. The filters will be grouped on both sides of a pipe gallery, 
over which is a platform with an operating table for each filter. All 
the filter tanks, floors and roof will be of reirrforced concrete. Hyd- 
raulic valves will be used throughout, the controllers for the filters being 
of a modified Vivian type. The wash-water drain, filtered-water con- 
duit and raw-water conduit will be built one over the other, forming 
a reinforced concrete structure down the center of the pipe gallery. 
The house covering the operating floor and a part of the filters will be 
of brick with a concrete roof, the inside being lined with a light yellow 
vitrified brick. The design is so made that the operator can see the 
entire filter bed at time of washing. 

Both filters and head house are placed above a covered filtered 
water reservoir, 154 by 161 ft. in plan, 12 ft. deep, divided into two 
basins having a total capacity of approximately 2,000,000 gallons. This 
basin has a groined arch roof, reinforced where necessary to carry 
the weight of the head house and filters. The standard spacing for the 
arches is 12 ft. 6 in. on centers, with a rise of 2 ft. 9 in. and a thickness 
of 6 in. at the crown. The foundation is of firm clay so that the 
thickness of the floor arches is only 6 in. at the thinnest point. 

The two-story head house at the head of the filter gallery has two 
wings, one story each, built of reinforced concrete and brick with pre- 
pared roofing. The dimensions of the head house are approximately 
28 by 91 ft.^ and of the filter wing 75 by 36 ft. In the head house will 
be placed the tanks and apparatus for the proportioning and application 
of the coagulating and sterilizing chemicals, the recording gages, labor- 
atory office, and chemical storage. The second floor of the head house 
will be served by an hydraulic elevator. 

The design of the rapid-filter units includes an under-drain sys- 
tem with perforated brass plates, set at the bottom of valleys in the 
fashion of the Minneapolis, Grand Rapids, and other plants (Fig. 5). 
A novel feature, however, willlDe the omission of the wire screen and 
the use of 12 in. of graded gravel, on top of which the sand will be 
placed. The wash is to be high-rate water wash, supplied by a gravity 
feed from a steel tower tank of 100,000 gallons capacity erected behind 
the present pumping station on the lake front by the Chicago Bridge and 
Iron Works. It will be fed by a bleeder from the present high service 
mains. FUictuations in the pressure due to the drop of level in the 
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wash-water tank will be taken care of by a controller to be placed in 
the line at the entrance to the filter gallery. (Fig. 5). 

The work is being carried on under a general contract with the 
Norwood Engineering Company, Florence, Mass., the concrete work, 
head house, and excavation being sub-let to the Macdonald Engineering 
Company, Mr. James Macdonald, President. Owing to the situation, 
it was impossible to bring material in except by teams, a haul of ap- 
proximately one mile from the nearest railroad switch, being required. 



Fig. 6. Sted Screed for Inverted Groined Arches. 

The contractor, therefore, has developed a plant for the elevating and 
storage of the gravel and sand in bins to minimize the handling by hand. 
The teams dump into a hopper from which a belt conveyor delivers the 
material to the sand or gravel bins. Storage sheds for cement are built 
alongside the bins. A Ransome concrete mixer discharges into two- 
wheeled buggies on an elevator for raising or lowering the cars of 
concrete to the appropriate level for placing. One inch yellow pine 
flooring has been used for form work wherever possible, with 2 by 
4 in. studs spaced about 16 in. on centers tied with very heavy wire. 

The inverted groined-arch column bases were formed up continu- 
ously in rows by the use of a "spider," a metal frame consisting of i-in. 
angles making a square, from each corner of which malleable castings 
of the shape of the groin converged to the base at the center, where they 
were held together by plates. In use, the angle frames was set on the 
two 6-in. floor form strips and held there by pins. After running a 
cut-off strip over each pair of legs and getting the base shaped, the form 
was removed to the adjoining base and the corners smoothed up. 
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The groined-arch forms (Fig. 7) for the roof have been built in 
a manner different from that usually employed on such work. The 
form units are framed in the carpenter shop and transported to place on 



Fig. 7. Forms for Groined and Barrel Arches. 

a pair of wheels. They fill the squares between the column corners, 
leaving a width approximately that of the column to be filled on the 
job, with short pieces of i in. flooring nailed in place by carpenters 
(Fig. 8). This method was feasible because of the short span. The 
groined-arch forms were carried on stringers resting on the vertical 
tie studs of the column forms. The forms have been stripped at a mini- 
mum time of five to seven days, ten days being secured wherever pos- 
sible. For the construction of the 30 in. wash-water drain and 42 in. 
filtered-water conduit, suitable circular collapsible forms were built of 
wood. At the bends a built-up form has been used, made of laths, 
plastered smooth with ivory wood-fiber plaster, smoothed up with par- 
afline wax dissolved in kerosene. The forms were destroyed before 
removal. 

In the construction of the chemical solution tanks in the head 
house and the valve chamber at the entrance to the mixing chamber, 
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the Macdonald Engineering Co. has used a novel adaptation of the mov- 
ing form used in grain elevator construction. The form (Fig. 9) con- 
sists of well braced sheets making an inside and outside form 4 ft. high. 
This is supported by hangers carried on jacks which are moved up- 



1 Arch Forms. 



Fig, 9- Moving Form for Cliemic;il Solution Tanks. 
^^rds on stout iron rods embedded in the concrete. The twisted steel 
IS placed as the form moves upward. The idea is to move the form 
^'Pfard at such a rate that the concrete exposed below the form will 
^^ Set sufficiently to be self-supporting. As a result, a very smooth 
^"i.Sfi can be obtained at small cost. Clearly, such a method is appli- 
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cable only where a structure has the same plan throughout its height. 
In the case of the solution tanks the form was jacked upward day and 
night for five days through a height of about thirteen feet. A similar 
device is being used to build the reenforced concrete bafflles in the 
coagulating basins, the reenforcing however being placed first and each 
side form being jacked up separately. 

In the filter boxes the gutters are cast in place prior to the forming 
of the underdrains. Neat rounded edges are secured by a metal 
screed tool. The underdrain system is being cast in place, complete, 
instead of casting the spanning block outside and placing later. The 
procedure has been as follows. Holes were drilled in the floor to re- 
ceive the dowels. For this work a small forty-pound IngersoU-Rand 
steam drill was found most economical. In these holes, the dowels 
were grouted, a test being made after ten days set. Then the brass 
deflector plates were set over the three rising pipes in the bottom of the 
filter, and the bottom thoroughly cleaned. The forms were then built 
up as shown in Fig. 10. The bottom pieces to form the waterways were 



Fig. 10. Ridge Block Form, Evanston Filters. 

carefully adjusted and set in lime cement mortar. They are separated 
by removable wedges. On these sit the block forms. The entire wood 
forms have been made up for three one-quarter filter units, and are 
thoroughly treated with one part kerosene and two parts paraffine ap- 
plied hot. Small blocks are left to form the indents for the yokes. The 
essential points are to preserve full waterways and obtain true level 
seats for the brass strainer plates. 
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The excavation has been made on all the mass work with a Thew 
shovel, loading two-horse bottom-dump wagons with which the spoil 
was carried to adjoining lots or dumped on the lake front. The earth 
was fairly stiff, so that no sheeting was required except in trenches 
left open for days. The upper 5 ft. of excavation was loam and sand 
containing some water, under which a clay stratum was found, free 
from water. Some of the sand from the excavation was suitable for 
usfe in the concrete, but the major portion of the concrete was made with 
torpedo sand and gravel brought from pits along the Fox River. The 
imported sand was found somewhat unsuitable, owing to the lack of fine 
material, so that a mixture was made of one part plastering sand and 
five parts torpedo sand for general use. This made a nicely- working 
tight concrete. 

At present (March 9, 1914), the work has progressed through the 
completion of the filtered water basin. All six filters and the head 
house (Fig. 11)' have been finished. The gutters and underdrains are 



Fig. n. Head House, Evanston Filters. 

being poured. Filter piping is being rapidly installed. The coagulating 
and mixing basins are nearly complete. The wash-water tank has been 
erected, the low-lift pump house nearly completed, and most of the out- 
side piping, conduits, and drains put in place. It is the intention to 
have the work completed as nearly as possible by the contract time next 
spring. May 31, 1914. 

In conclusion I wish to acknowledge the courteous assistance and 
co-operation of the city officials, in particular the Water Committee, 
and Mr. J, H. Moore, Commissioner of Public Works, and. the con- 
tinued interest of Mr. M. O. Kasson, Superintendent for the Macdonald 
Engineering Co. 



DEATH OF B. COLI AND B. TYPHOSUS IN PURE WATER. 



BY OTTO RAHN, PH.D.* AND M. E. HINDS** 



- The rate and manner of death of bacteria in drinking water and in 
polluted streams, and the different factors which influence this death, 
are of considerable importance to water works men, and in the case of 
pathogenic bacteria, to the health of men and animals. A knowledge 
of the longevity of B, coli is of aid in determining the length of time 
a sample may be kept between sampling and analysis and it may also 
be of value in determining the volumes to be used in the analysis of the 
sample. A knowledge of the longevity of B. typhosus is necessary 
for the purpose of determining the presence of the organism itself, 
and also to determine the chance of infection from a stream which may 
be contaminated with that organis,m. 

As a number of uncertain factors would be involved in working 
with a natural water or sewage, it was thought best to work first on 
pure water under known conditions and to vary the conditions until 
they finally approached those found in natural waters. The water 
used for this work was am,monia free, but contained a very small 
amount of nitrogen. It is purer than ordinary distilled water, having 
been redistilled, and is the purest grade of water obtainable unless an 
unusual amount of labor is spent on its preparation. 

The rate of death of B. typhosus as found by different observers 
is variable, probably due to different experimental conditions.^ Of the 
many contradictory statements concerning the death rate, it is difficult 
to determine which one is correct as most of the data appear to be 
reliable. This leaves us in doubt as to whether death is due to lack of 
food, presence or absence of oxygen, temperature changes or antag- 
onism of other bacteria. 

During the last seven years we have learned that bacteria under 
unfavorable conditions die gradually. Of the total number, a certain 
percentage will die in a unit of time and of the number surviving the 
same percentage will die in the next unit of time. As far as we know, 
this law holds true with all causes of death, whether by disinfectants, 
light, drying or heat. We know of no exception. 

*Assistant Professor of Bacteriology, University of Illinois. 
♦^Assistant Cliemist, Illinois State Water Survey. 
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It was only natural to expect this same regularity df death to 
hold true in case of B, typhosus and B, coli in pure water. The experi- 
ments showed this to be the case. The reduction in the case of 
B. typhosus was 89.3 per cent in six hours, i. e., after six hours time 
only about ten per cent of the original number survived. Assuming 
1,000,000 cells to be present in the beginning, we find the following 
numbers remaining, based on a reduction of 90 per cent in each six 
hour period. 

TABLE I. 

Theoretical number Actual number 

Hours of cells of cells 

1,000,000 315,000 

6 i., 100,000 40,000 

12 10,000 - 937 

18 1,000 — 

24 100 Less than i 

30 10 

3^ I 

42 .1 

48 .01 

54 .001 

60 .0001 

Another experiment shown on the curve (Fig. i) shows actual 
results similar to the theoretical. 

It is easily seen that we never come to an absolute zero. There 
are always some bacteria left alive, but the nurtiber soon becomes so 
small, that for practical purposes, we might consider them absent. 
Table I shows a reduction in sixty hours from 1,000,000 per c. c. to 
less than i per gallon. Whether such water would be considered safe 
for use, is questionable. In ninety-six hours, we would have less than 
one typhoid bacteriiwn per 1,000,000 gallons. Such water would prob- 
ably be safe. Certainly, no bacteriological or other analysis could 
discover the bacterium. 

B, coli does not die quite as fast as B, typhosus, about seventy-two 
hours being necessary to reduce their number from 1,000,000 per c. c. 
to one per gallon. Kruse states that B. coli is found a normal inhabi- 
tant of all waters, whether good or bad. We can find it, if we only 
take a large enough sample. 

Knowing the facts, we tried to find the cause of death. It is prob- 
able that the death of B, coli and B. typhosus in pure water is due to 
starvation. - A sample of tap water was sterilized and inoculated with 
B. coli and proved to be a fair medium for growth. An initial number 
of 1,500,000 increased slowly to 3,000,000 in twelve days and then 
slowly decreased, over half the original number being still present at the 



-V 



176 



Illinois Water Supply Association 



3D00 



B. TYPH05U5 IN A\R 



zpoo 



o 



ipoo 



500 




TIME IN H0UR5 

Fig. I. Death of B. Typhosus in Air. 



end of five weeks, when the experiment was discontinued. At the same 
time a sample of deep well water with a very high mineral residue was 
sterilized and inoculated with about 2,000,000 B, coli per c. c. and only 
one per c. c. was found at the end of two days. This death rate was 
higher than in very pure water. Only a trace of organic nitrogen was 
present. 

It is very important from a practical view point to decide whether 
or not dissolved oxygen plays any part in the rate of the death of bac- 
teria in water. Whipple and Mayer found that B, typhosus died about 
twenty times as fast without oxygen as with it ; and B. coli died about 
twice as fast. The absence of oxygen was secured by keeping the tubes 
in an atmosphere of nitrogen and hydrogen. This would suggest a 
suffocation of bacteria. In our work we have been unable to get the 
same results with B. coli, as in all of our tests the death rate was lower 
without oxygen. Our work on B. typhosus bears out the previous work 
in that the death rate is higher in nitrogen than in air, but the difference 
is slight as compared with Whipple's, perhaps due to a different strain, 
perhaps to different water. Figure 2 shows the difference in death rate 
in air, hydrogen and nitrogen. 

The temperature of the water has a direct bearing on the death 
rate. Even though B. coli and B. typhosus both grow much better at 
37® than at 20^ when cultivated under growing conditions, they also 
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die faster at the higher temperature, with B. coli we have found the 
rate of death to increase 1.8 times with each 10® rise in temperature. 
Growth and death of bacteria must be looked upon as chemical re- 
actions, and, therefore, must proceed faster at higher temperature with- 
in certain limits. In work with B, typhosus in Lake Michigan water, 
Russell found the death rate increased eight times from freezing to 
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Fig. 2. Death of B. Coli in Air, Nitrogen, and Hydrogen. 

In 191 1 Ruediger determined the rate of death of B. coli and B. 
typhosus in river water under natural conditions both in summer and 
in winter. He attributes the faster death rate in sunwner to the effect 
of light a;nd to saprophitic plants. We can account for the change in 
death rate as a change due to the difference in temperature. 

CONCLUSIONS. 

In pure, natural water and in redistilled water, B. coli and B. 
typhosus die from starvation in the gradual, regular manner observed 
with other causes of death. 

The rate of death increases with the temperature. 

The presence of oxygen under these conditions, seems to be harm- 
ful to B, coli, but beneficial to B, typhosus. 

Further work is to be done on the effect of organic matter, mineral 
matter, other organisms and the temperature coefficient under varying 
conditions. 



SURFACE WATER SUPPLIES OF ILLINOIS. 



BY PAUL HANSEN AND RALPH HILSCHER.* 



The following paper contains a few of the more general data to be 
embodied in a report which will be published in the annual bulletin of 
the State Water Survey for 1913. 

There are in all about 280 public water supplies in the state of 
Illinois exclusive of Chicago^ Chicago will not be considered in 
this report on account of its very large size and the preponderating 
influence which it would exert on the figures to be presented. The 
above number represents about TJ p^r cent, of the cities and villages 
having a population of over 1,000 and includes an aggregate population 
of 1,580,000. Seventy-three of the supplies serving 43.2 per cent, of the 
above population are of surface origin. Of this population, 72 per cent, 
is served with purified water supplied by 36 different plants.f 

Generally speaking, smaller communities of the state seek ground 
water supplies, but in imany instances, such supplies are not available 
in adequate quantity or of satisfactory quality. It then becomes neces- 
sary to secure water supplies from surface sources. A few munici- 
palities have adopted surface supplies because of their easy develop- 
ment or because ground water resources of satisfactory quality and 
quantity were not discovered. Some of these communities notably, 
Springfield, Jacksonville, and Elgin, are reverting to the use of ground 
water supplies. 

The state may be roughly diyided into two parts by an east and 
west line through Champaign, north of which ground water supplies 
are the more numerous, and south of which surface water supplies are 
in the majority. North of the line 14 per cent, of the supplies are of 
surface origin, and if the smaller surface supplies drawn from Lake 
Michigan are eliminated, this figure is reduced to 7 per cent. South of 
the line 57 per cent, of the water supplies are of surface origin. 

The explanation pf this lies in the fact that throughout the north- 
ern half of the state, well waters are generally available, in sufficient 
quantity and of satisfactory quality to meet the requirements of a 
public supply. In the northern quarter of the state, most of the sup- 

♦Engineer and Asst. Engineer, Illinois State Water Survey. 
tWater purification in Illinois, Proc. Western Society of Engineers, 18, 934. 
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plies are derived from the St. Peter and Potsdam sandstone, found at 
great depths. In the quarter of the state lying just north of the line 
through Champaign, deep wells in the glacial drift constitute the prin- 
cipal water source for public supplies. Within this area, large quan- 
tities of water may also be drawn from the underlying rock strata, but 
this water is so highly mineralized as to be quite unsatisfactory. 

In the quarter of the state just south of this line a number of sup- 
plies are obtained from shallower drift deposits of glacial or alluvial 
origin. All rock wells throughout this region are highly mineralized 
and are very little used. Some of the drift waters contain sufficient 
mineral matter to make them unsatisfactory. In the southernmost 
quarter of the state, ground water in adequate quantity and of satis- 
factory quality is seldom available, so that in this section, the great 
majority of the supplies are of surface origin.- A few notable excep- 
tions to the general rule are found in some deep wells in the limestone 
rock on the slopes of the Ozark uplift, exemplified by the public 
supply wells at Anna and Mounds. There are also wells in the deep 
alluvial drift of the Ohio river, which give large yields of a satisfactory 
water, exemplified by those of Metropolis. 

Of the 73 surface water supplies, 36, or 49.3 per cent., are from 
streams, practically without storage. Nineteen, or 26 per cent, are 
from impounding reservoirs. Thirteen, or 17.8 per cent, are from 
Lake Michigan and five, or 6.9 per cent, are from streams with or 
without storage and supplemented by wells. Fifty-eight per cent, of 
the water supplies drawn directly from streams are treated by filtration 
or otherwise ; 16 per cent, of the reservoir waters are treated ; all of the 
supplies from Lake Michigan are treated and 3 of the five mixed water 
supplies are treated. 

Some indication of the favor which surface water supplies .meet 
on the part of the public, is indicated by figures showing the number 
of persons per service. With a generally used public water supply, 
the number of persons per water service is from 5 to 6. It is found 
that in Illinois, the number of persons per service in towns having sur- 
face water supplies, is as follows : 

For waters drawn from streams, 7. 

For waters taken directly from impounding reservoirs, 15. 

For waters taken from Lake Michigan, 5.2. 

For waters of mixed origin, 8.1. 

Some general studies were made with reference to rainfall and 
nin-oflf. Rainfall records are available for a long series of years at 
various points, but run-oflf records are very meager. In a general way, 
it is found that the maximum annual rainfall for the entire state is 
4345 inches and the minimum 32.07 inches. 

The variations in run-off are exemplified by the Rock river at 
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Rockford in the north and the Kaskaskia river in the south. The 
northern river has a rolling watershed with large areas of porous soil 
and a number of tributary lakes which act as natural storage reservoirs. 
The average run-off for this stream based upon available figures is 
2^,*] per cent, of the rainfall. The Kaskaskia river on the other hand 
has a generally flat watershed, and a clayey soil which is relatively 
impervious. The run-off from this watershed is 'JH-l pcr cent, of the 
rainfall. These figures are not, however, of general applicability as 
instanced by the run-off from Big Muddy river. This watershed is 
similar in many respects to the Kaskaskia, but the run-off is only 22.9 
per cent, of the rainfall.. Beaucoup Creek has, according td available 
figures, the very small run-off of 15.8 per cent. These low percentages 
of run-off, may be explained in part by some local peculiarities and in 
part by the unreliability of the limited data available. 

A weighted average of run-off which takes cognizance of the var- 
iation of area and rainfall on the several watersheds for which such 
figures are available gives a figure of about 30 per cent. In the light 
of present knowledge, it appears inadvisable in estimating the yield of a 
watershed for water supply purposes to count upon a run-oft greater 
than 20 per cent, of the .minimum rainfall or, roughly speaking, about 
100,000,000 gallons annually per square mile of tributary watershed. 
More accurate data on run-off for limited watersheds is greatly needed 
in Illinois, because under present conditions it is difficult to secure a 
sound basis for the selection of surface water supplies where impound- 
ing reservoirs are necessary. 

Referring to the quality of the surface water supplies of the state, 
it may be said in a general way, that they are all subject to high tur- 
bidities, are more or less colored, and rather highly mineralized, but 
less highly mineralized than ground waters. Lake Michigan under 
normal conditions furnishes a highly satisfactory water supply, being 
but moderately hard and free from turbidity and color. In-shore 
winds, however, rapidly render the water turbid for distances as great 
as five miles from shore. Generally speaking it is impracticable to 
secure a useable supply with reference to turbidity within one-half mile 
of shore. The sanitary quality of Lake Michigan water is also subject 
to criticism at the present time inasmuch as it receives the sewage pol- 
lution of various north shore connmunities. This pollution at certain 
points extends many miles from shore and the water except as drawn 
from some of the long Chicago intakes, is not suitable for domestic 
consumption without purification. 

The character of the waters of the streams in the state varies wide- 
ly. During periods of flood, all of them are excessively turbid. This 
turbidity varies from a dark brown to light yellow in color, depending 
upon the surface soil. Many of the streams become quite clear during 



Surface Water Supplies of Illinois i8i 

periods of low water, but others retain their turbidity even then. Those 
streams that become clear during low water are generally fed in large 
measure by springs that enter along the stream beds. Those that 
retain their turbidity do not receive diluting ground water and the 
turbidity results from exceedingly finely divided clayey jmatter in col- 
loidal suspension. Waters which are stored in impounding reservoirs 
lose a large proportion of their turbidity and color, but in Very few 
instances does the water become sufficiently clear to constitute an en- 
tirely acceptable supply. 

The mineral content of stream waters varies greatly, with a maxi- 
mum of about 6cx> parts per million of total hardness and a minimum of 
about 45 parts. 

Stored waters offer some problems in connection with tastes and 
odors due ta development of plant life and .microscopic organisms. 
Difficulty of this character arose at Waterloo and was successfully 
overcame by treatment of the water with copper sulphate. 

Although drawing water from a surface stream or lake would 
seem to be a simple matter, nevertheless much intake trouble has been 
encountered in connection with surface water supplies of Illinois. The 
most pronounced of these troubles have been encountered along the 
Mississippi river where shifting sand bars sometimes completely cover 
and render useless an intake, as was the experience at Granite City. At 
Alton, an intake pipe which was laid six feet above the bottom was on 
the point of being covered by a sand bar resulting from navigation 
improvements carried out by the United States government at a short 
distance above. The difficulty was met by building an embankment 
wing dam over the intake and arranged so as to cause a scouring cur- 
rent to pass across the end of the intake pipe. 

Along Lake Michigan, intakes involve costly construction for the 
purpose of getting beyond the influence of high turbidities and excessive 
pollution. Also difficulties are encountered due to the obstruction of 
mtakes with ice. In a general way, it is found cheaper to overcome 
the difficulties due to pollution and turbidity by the construction of 
filtration works rather than by the costly extension of intake pipes 
iniles into the lake. The elimination of ice troubles is a problem that 
has not yet been fully and satisfactorily solved. The prime cause of the 
clogging of intakes by ice seems to be the entrainment of newly formed 
spicules and plates of ice by vortical currents induced by the suction 
on the intake pipe. These vortices can only be eliminated apparently 
by securing an exceedingly slow motion of the water in passing into 
the intake pipe. This has been successfully accomplished at the Naval 
Training Station where a large wooden crib, with a great area of slot- 
ted openings, is used. Similar results have been secured at Rogers Park 
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where the intake pipe terminates in a large steel cylinder perforated 
with numerous small holes. This device is described in the report of 
this Society for 191 2, page no. 

By way of summary it may be noted that many communities in 
Illinois, more particularly in the southern part of the state, are depend- 
ent for their water supplies on surface streams. These supplies are 
generally less favored than are ground waters of usable quality for 
domestic purposes. In all instances surface waters may be rendered 
entirely satisfactory from a sanitary point of view, by well established 
methods of water purification. Purified surface supplies because of 
their relatively low mineral'content are often superior to ground waters. 
The data relative to run-oflF is inadequate to enable engineers to design 
surface water supplies with necessary precision and economy and 
further data of this character should be secured. There are throughout 
the state many instructive experiences with intake troubles, more 
particularly as these relate to shifting stream bottoms and ice. 



EFFIOIENCT OF THE TRIPLE EXPANSION PUMPING 

ENGINE. 



BY WALTER REID.* 



The City of Springfield, Illinois, in the year 191 1 commenced 
the reconstruction of its pumping station at a cost oit approximately 
$55^000, and also contracted for a pumping engine at a cost of $52,369. 
These improvements have been made under the direction of W. J. 
Spaulding, Commissioner of Public Property. 

The pumping engine is of the Holly, vertical, triple expansion, 
crank and flywheel type with a normal capacity of 10 million U. S. 
gallons per 24 hours. The engine was erected by the Holly Manu- 
facturing Co. at the city's pumping station on the banks of the Sanga- 
mon River, four miles north of the city. 

The dimensions of the cylinders are: high pressure, 26"; inter- 
mediate, 48" ; low pressure, ^2^' ; stroke, 42". 'All of the steam valves 
are of the Corliss type, as are also the exhaust valves of the high 
pressure and intermediate ; but the low pressure are of the poppet type. 
The diameter of the steam pipe is 6" ; exhaust pipe, 20" ; suction, 
30" ; discharge pipe, 24". There are three water plungers 23" in 
diameter of 42" stroke. The plungers are outside packed, and are 
directly under the steam cylinders. The pump end contains 1050 
rubber valves 3^" in diameter, and are so located that they are very 
accessible. A condenser of the surface type is located in the suction 
pipe, and it has 1,000 square feet of cooling surface. 

The duty guaranteed by the builder per 1,000 pounds of dry steam 
consumed by engines, its jackets and attached auxiliaries at normal 
capacity and pressure {^2^^ feet) was 170,000,000 foot pounds. Duty 
three-quarter capacity, 165,000,000 foot pounds. Duty . one-half ca- 
pacity 160,000,000 foot pounds. The normal capacity rated at 7,000 
g-allons per minute based on plunger displacement and a total head of 
^lyj feet, maximum 375 feet. Steam pressure at throttle 150 pounds, 
32 R. P. M. which is equal to a piston speed of 224 feet per minute. 
On January 21st, 19 14, the necessary gauges were connected to 
the discharge and suction pipes, tanks for collecting, and scales for 
weighing the water from the jackets, receivers, and discharges from 

♦Superintendent Water Department, Springfield, Illinois. 
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condenser were all placed and tested and corrected previous to the 
final test. A number of preliminary tests were run and adjustments 
of steam valves for the most efficient distribution of steam and equal- 
ization of load for each cylinder was made. The results of the actual 
tests are as follows : 

TEST AT FULL SPEED. 
Duration of test, 12 hours. 

Steam pressure at throttle, 150.5 lbs. per square inch. 
Vacuum in exhaust pipe, t.^Yz", 

Average revolutions per hour, 1959 (or 32.5 R. P. M.) 
Average discharge pressure, 118.5 lbs. per square inch (273.35 ft.) 
Average suction lift, 12 ft. 
Difference in elevation of gauges, 2.5 ft. 
Total water pressure, 287.85 feet. 
Average total steam consumption per hour, 6344 lbs. 
Condensation from jackets and receivers, 13.15%. 
Moisture in steam, 2.28% (145 lbs.) 
Total dry steam per hour, 6199 lbs. 
Duty per 1,000 lbs. dry steam, 171,830,000 foot pounds (I. H. P. 459.6). 

TEST AT THREE-QUARTER SPEED. 

Duration of test, 4 hours. 

Steam pressure, 149.8 lbs. per square inch. 

Vacuum in exhaust pipe, 27 J4*'. 

Average revolutions per hour, 146 1 (or 24.1 R. P. M.) 

Average discharge pressure, 117.2 lbs. per square inch (271 ft.) 

Suction lift, 11 feet. 

Difference in elevation of gauges, 2.5 feet. 

Total water pressure, 284.5 feet. 

Average steam consumption per hour 4776 lbs. 

Moisture in steam, 2.8% (134 lbs.) 

Condensation from jackets and receiver, 12.75%. 

Average dry steam per hour, 4642 lbs. 

Duty per 1,000 lbs. dry steam, 169,256,000 foot lbs. (I. H. P. 346.3). 

TEST AT ONE-HALF SPEED. 

Duration of test, 4 hours. 

Steam pressure, 150.3 lbs. per square inch. 

Vacuum in exhaust pipe, 27^". 

Average revolutions per hour, 1068 (or 16.4 R. P. M.) 

Average discharge pressure, 116.4 lbs. per square inch (269 feet). 

Average suction lift, 10.5. 

Difference in elevation of gauges, 2.5. 

Average total water pressure 282 feet. 

Average steam consumption per hour, 3580 lbs. 

Moisture in steam, 2.34% (83.7 lbs.) 

Condensation from jackets and receivers, 12.5%. 

Average steam corrected for moisture, 3496.3 lbs. 

Duty for 1,000 lbs. dry steam, 162,810,000 ft. lbs. (I. H. P. 282.2). 
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In order to insure accurate results readings were taken of the 
water pressure every ten minutes from a test gauge on the force 
main. Readings were then reduced to hourly averages in order to 
check the performance of each consecutive hour while the test was 
being made. Indicator (liagrams were taken every hour from each 
of the steam cylinders in order to show the steam distribution, the 
speed being^ kept constant by a fly ball governor attached to the engine. 

We have in our plant in addition to the Holly triple pump an 
old Worthington triple pump, i8"X29"X46"X24"— 26j/^"X24", of 8 
million capacity and a compound pump, 24"X43"X36" — 2o"X36", of 
4 million capacity. At the conclusion of the pumping test we ran a 
comparative fuel test. The new Holly triple pumping engine con- 
sumed 3900 lbs. of coal to pump 780,000 gallons of water, which is 
equivalent to i lb. of coal per 200 gallons of water pumped. The 
Worthington triple, 6105 lbs. of coal per 800,000 gallons of water, 
which is equivalent to i lb. of coal to 131 gallons of water. The com- 
pound pump, 7800 lbs. of coal per 680,000 gallons of water, which is 
equivalent to i lb. of coal to 87.7 gallons of water. Screenings was 
the fuel used for these .tests. 

The diiference between 200 — 131 — 87.7 gallons water pumped 
per I lb. coal indicates the economy to be realized. 
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The City of Galva is situated on the divide between the Illinois 
and the Mississippi Rivers. The City draws its water supply from the 
St. Peter sandstone which is found at a depth of 1381 feet, and the 
wells are drilled to depths of from 1477 to 1525 feet. The log of the 
wells is as follows: 

Depth 

Soil and clay 62 ft. 

Coal measures 455 

Niagara limestone 882 

Utica shale 1030 " 

Hudson River shale 1055 " 

Trenton limestone 1381 

St. Peter sandstone 1475-1525 

A study of the logs of wells at Rockford shows that the St. 
Peter stratum falls fifteen feet per mile from Rockford to Galva. 

When the well was first drilled, twenty years ago, the water rose 
to within 150 feet of the surface, but for some time it has stood at 
240-246 feet below the surface. The pump cylinders are 300 feet 
below the surface, and are always covered with water. The well is 
cased no feet with 12 inch tubing, and below this level it is cased 
with 9 inch tubing to bottom. The joint between the casings is of lead. 
In 1906, the quality of the water in the wells seemed to have 
changed, and it was thought that a leak had developed in the casing. 
Accordingly, the pump was taken out, and a cluster of three electric 
light bulbs was lowered into the well. The lamps were conniected by 
a long wire to the lighting circuit, and were provided with a shade 
above. The lowering of this light into the well was followed by the 
aid of a field glass. It was found that water was entering through a 
leak in the casing at the lead packed reducing joint, no feet below 
the surface of the ground. This was repaired. 

In 191 1, there were indications of another leak in the casing. 
The above process was repeated, and it was found that a leak had 
developed again in the lead joint. 

The cause of the failure in the .casing at this point is explained 
by the continual vibration of the earth, which is brought about by the 
running of heavy trains on the main line of the C. B. & Q. R. R. only 
one hundred feet away, and by the jar of our own pumps. The upper 
strata are of soft water soaked material. The pump and hea\7 
masonry base are fastened to the top of the casing and the result 
is a rather top heavy structure somewhat analogous to a. top heavy flag 
pole. The vibrations consequently tend to break the casing at its 

weakest point. 

*City Engineer, Galva, Illinois. 
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RELATION OF SEWER OUTFALL TO WATER WORKS 

INTAKE AT QUINOY. 



BY W. R. GELSTON AND EDWARD BARTOW.* 



The typhoid fever epidemic of December, 1912, to February, 1913, 
was shown to have been caused by a polluted water suppl)rf . To de- 
termine the source of the pollution, analyses have been made of several 
series of samples of water collected from the sewer and the river. 
The samples have been collected at different stages of the river in 
order to determine as accurately as possible the liability to pollution 
under varying conditions. 

The sewer which would be liable to pollute the water is located 
at the foot of Broadway, as indicated on the map. Samples .were 
taken (i) of the sewage before it enters the stream, (2) from the river 
near the outfall, (3) channel opposite pumping station, (4) river over 
intake crib, (5) river opposite Diamond Jo boathouse, (6) intake well 
at pumping station. 

A comparison of series (i) and (2) shows that the sewage has 
a noticeable effect upon the samples taken from' the river near the 
outfall. The effect on June 23 was not so noticeable as in the other 
cases, but even on that date the water near the ^ewer outfall was 
much worse than that of the river itself. The water taken at the 
channel opposite the pumping station (3) would hardly be affected 
by sewage from the Broadway sewer. Comparing this sample with 
samples taken from the intake well (6), we find a noticeably larger 
number of bacteria in the intake well. The number of bacteria along 
the shore opposite Diamond Jo boat house (5) is usually not as 
great as is found in the intake well. The samples taken from the 
surface at the intake (4), though slightly better, do not differ ma- 
terially from samples taken in the intake well which would be drawn 
from below the surface of the water. 

From the analyses, especially of the sample taken January 6, 1914, 
we must conclude that the Broadway sewer has a noticeable effect 
upon the character of the water at the intake. That this effect was 
more noticeable on the latter date is due in all probability to low 

♦Superintendent Citizens Water Works Co., Quincy, 111., and Director Illi- 
nois State Water Survey, Urbana, 111. 

tEdwin O. Jordan, Proc. Illinois Water Supply Assn. 191 3, 48. 
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Map of Mississippi River at Quincy. 



Illinois Water Supply Association 



Relation* of Sewer Outfall at Quincy 191 

water conditions. The water at the time was at the low water stage 
and a sand bar, as seen in the photograph, extended for a long dis- 
tance down stream from the intake crib, cutting off the water of the 
main channel from the intake crib. The Water Company, in order to 
get as much river water as possible, had cut a channel through the 
sand bar through which water was flowing into the lower part of 
Quincy Bay. The water works officials realize the situation and axe 
taking steps to construct a new intake at a more favorable position. 

The effect of the sewage from the Broadway sewer upon the water 
at the intake was demonstrated on Feb. 6 when a large fire in a laun- 
dry located near Broadway, occurred. During the fire a considerable 
amount of disinfectant was released and flowed into the sewer. The 
fire broke out at 4 :oo a. m. At noon, eight hours after the release of 
the disinfectant, a taste and odor became evident in the water. In- 
vestigation by the Water Company officials demonstrated that the only 
source of this taste and odor was the disinfectant emptied into the 
Broadway sewer. Owing to the direction of the wind at the time 
it was evidently pretty thoroughly distributed into the lower part of 
Quincy Bay and portions of it were evidently mixed with the water 
which entered the intake. 

While the Water Company officials and the city officials are not 
especially proud of the conditions, nevertheless such an excellent 
demonstration of the possibility of sewage entering an intake should 
be described for the benefit of those who may be affected by similar 
conditions. This experience 'suggests the possibility of using similar 
material to determine whether pollution from sewers under proper 
conditions may enter water works intakes. 



THE NEWLT REMODELED RESERVOIR. 



BY JOHN GAUB* 



The reservoir to be described in this paper is known as the George- 
town reservoir and is the second in a series of three reservoirs used for 
sedimentation purposes at Washington. In shape it is a rectangle 
comprising about forty-two acres. 

This reservoir was originally constructed as a distributing reservoir 
for the water supply of the District of Columbia. It was intended to 
divide the reservoir into two sections. The division was to have been 
made by an embankment, the top of which was to have been at an ele- 
vation of two feet below the surface of the water in the reservoir, thus 
making the upper a sedimentation and the lower section a storage basin 
where the clear water flowing over the top of the dividing embankment 
would ^tand until drawn off for consumpton. This idea, however was 
not executed, in that the dividing embankment was not built as planned, 
but was built to the full height of the outside wall and a 48" cast iron 
pipe line was laid from an opening in the e^mbankment to the effluent 
gatehouse. By this arrangement water could be drawn from the lower 
section after having passed through both s'ections, or it could be drawn 
directly from the upper section through the cast iron pipe line without 
passing through the lower section. 

The draft through the opening was so great' that in times of high 
turbidity, the muddy water did not diffuse through the whole body of 
water in the reservoir as was expected, so when the filtration plant 
was put into operation in 1905, this reservoir became an intermediate 
storage basin. The filters reduced the turbidity but did not entirely 
remove it at all times, as some of the silt in the Potomac water is 
in a colloidal suspension and is not completely caught by the sand of the 
beds when the water is extremely turbid. 

Hence, it was found advisable to try a coagulent as recommended 
by Messrs. Hering, Fuller and Hazen in their report which led to the 
adoption of slow-sand filtration for the Washington water-supply. 
In 1908 Mr. Longley reported a series of experiments on the prelimin- 
ary treatment of the water after a storage of three days. He concluded 
that "The desired improvement in the water can be effected by occasion- 
al coagulation, with subsequent thorough sedimentation. This process 

♦Chemist, Filtration Plant, Washington, D. C. 
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is so entirely flexible that with its use the final product of the filters 
so much desired is assured." 

In 1 9 10 Congress appropriated money for the construction of a 
plant for the application of a coagulant at certain times in order to re- 
duce the turbidity of the water. This plant was constructed on the line 
of the conduit below the first reservoir. This made the remodelling of 
the Georgetown reservoir necessary, since conditions favorable to sedi- 
mentation must exist in order to get the full benefit of the coagulant. 
In 1912 and 1913 Congress made another appropriation for the re- 
modelling of the reservoir. This work made the following changes pos- 
sible; (a) closing of the opening in the middle dam, (b) construction 
of an opening near the southern end of the dam, (c) the erection of an 
earthen dam starting from the upper end of the reservoir near the in- 
fluent gate and running in a Ime perpendicular to the cross dam until 
it intersects the latter, thus making a sedimentation basin; (d) the 
construction of a cut in the lower end of the new dam, containing eight 
sluice gates ; (e) paving the top and sides of the earthen dam with con- 
crete; (f ) the construction of two longitudinal drains, of concrete, from 
the inlet to the outlet of the basin ; (g) paving of the basin with con- 
crete; (h) construction of a concrete baffle parallel to the new dam in 
the middle of the upper section of the reservoir, but not in the sedi- 
mentation basin. 

The baffle consists of open reenforced concrete triangular piers 
spaced 15' apart and connected by a thin concrete wall or web. The 
piers were amde by placing the reenforcement and concrete forms in the 
usual way while the web was made by shooting mortar against the 
wooden forms placed behind the outer layer of wire fabric reenforce- 
ment until the web was about four inches thick. 

The changes described above will cause the coagulated water to 
enter the sedimentation basin through the influent gate and to remain 
long enough to complete the coagulating action and to deposit the 
greater part of coagulated matter upon the concrete floor of the basin. 
The sluice gates will be of great assistance in that the water may be 
drawn into that part of the upper section of the reservoir outside the 
sedimentation basin, either from near the surface or from near the 
bottom. 

Before the water emerges from the reservoir, it travels around 
the ends of the baffle and through the old cross dam which originally 
divided the reservoir into two parts. It is thought that by this arrange- 
ment the water will have more time for depositing its turbidity. 

In cleaning the sedimentation basin, the sluice gates are closed 
and the gate leading to the drain is opened. Such of the sediment as 
will not flow off with the water into the drain is carried out by flushing 
with fire hose. 
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THE EFFICIENCY OF CLARIFICATION. 

■ 

Mr. Monfort has -so ably discussed the various factors affecting 
the clarification in sedimentation basins in his paper on "The Efficien- 
cy of Sedimentation Basins" that it will not be necessary for me to go 
into detail. However, since, in general, the efficiency is determined 
from the re^noval of turbidity and bacteria, I have prepared several 
tables in which the removal of turbidity and bacteria are compared be- 
fore and after the changes herein described were completed. 







TA^LE la. 






PERCENTAGE TURBIDITY 


REMOVED. 




Percentage 


Percentage 


Percentage 


Raw 


Removed by 


Removed by 


Rembved by 


Water 


1st Res. 


Un-Imp. Res. 


3rd Res. 


9 








22 


75 


56 


12 


10 


100 


75 


5 


6 


145 


62 


3 


10 


200 


64 


—5 


9 


300 


83 





6 


600 


84 


12 


2 


Total 


424 


27 


65 


Average 


61 ^ 


4 


9 



Total 
22 

78 
86 

75 
68 

89 

98 

516 

74 



TABLE lb. 
PERCENTAGE TURBIDITY REMOVED. 





Percentage 


Percentage 


Percentage 


Raw 


Removed by 


Removed by 


Removed by 


Water 


1st Res. 


Imp. Res. 


3rd Res. 


115 


68 


14 


10 


150 


86 


5 


3 


150 


76 


15 


4 


190 


74 


16 


6 


230 


79 


14 


2 


260 


71 


15 


8 


Total 


454 


79 


33 


Average 


76 


13 


5 



TABLE 2a. 
PERCENTAGE BACTERIA REMOVED. 



Count in 
Raw Water 

12000 

TIOOO 

780 



Percentage 

Removed by 

1st Res. 

49 

23 

2 



Percentage 

Removed by 

Un-imp. Res. 

9 

—7 
52 



Percentage 
Removed by 
3rd Res. 

19 
51 
24 



Total 

92 
94 
95 
96 
95 

94 
566 

94 



Total 

77 
67 
78 
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76 
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94 


45000 


21 


10 


30 


61 


12300 


23 


12 


25 


60 


18200 


27 


54 


7 


88 


Total 


221 


139 


165 


525 


Average 


32 


20 


23 


75 
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TABLE 2b. 








PERCENTAGE BACTERIA REMOVED. 






Percentage 


Percentage 


Percentage 




Count in 


Removed by 


Removed by 


Removed by 


Total 


Raw Water 


1st Res. 


Imp. Res. 


3rd Res. 




8900 


53 


30 


5 


88 


7700 


80 


4 


10 


94 


4700 


70 


18 


' 6 


94 


920 


50 


30 


10 


90 


1000 


51 


39 


16 


96 


3400 


44 


35 


9 


88 


Total 


548 


156 


56 


550 


Average 


58 


26 


9 


93 



In these tables I attempted to show data corresponding with all 
conditions possible. Since Mr. Monfort has discussed these and they 
are practically the same for our reservoirs, I will not discuss them. 
However, it is easily seen from both tables on comparison that the 
total purification both bacterially and physically has increased in the 
reservoir due to the improvement and that not so much purification 
takes place in the third reservoir as formerly. However, this does 
and should not discourage the use of the third reservoir, for it is a great 
aid in the chemical purification, not only this but it will be a safe guard 
in case too much alum should have been added to the water, thus en- 
abling a thorough settling of the coagulant before the water goes to the 
beds, thus enabling the consumer to get a water absolutely free from 
alum, but somewhat harder than in former times. 

From the data so far at hand this reservoir has proven itself be- 
yond expectation for the following reasons; — (i) increase of twenty 
percent in total sedimentation and removal of bacteria, (2) makes the 
third reservoir a safety reservoir for the complete settling of the alum- 
inum hydrate, (3) makes the water harder which is a disadvantage. 
However, the hardness will not be increased more than that in the 
water of corresponding communities using the Mechanical process and 
having water of about the same hardness. 

There is no doubt that this improvement has been a very bene- 
ficial one, and one which will not be regretted in the future. 



A SANITARY SURVEY OF THE OHIO RIVER. 

An outline of the work being carried on by the United States Public 

Health Service. 



BY W» H. FROST. 



The work which forms the subject of this paper being as yet, only 
in the process of development, it will be impossible at this time to do 
more than give a general outline of the plan and scope of an investiga- 
tion, which is, for the most part, still in the future, without attempting 
to present the fragmentary data so far collected. 

By act of Congress approved August 14, 1912, the name of the 
Public Health and Marine-Hospital Service of the United States was 
changed to the Public Health Service, and the scope of the Service 
materially broadened, especially by a provision adding to the functions 
of the Service investigations of "The diseases of man and the con- 
ditions influencing the propagation and spread thereof, including sani- 
tation and sewage, and the pollution, either directly or indirectly, of 
the navigable lakes and streams of the United States". The following 
year Congress included in its appropriation for the work of the Service 
a sum of $200,000 for special field investigations of public health mat- 
ters. Under this authorization and appropriation the Service has taken 
up during the current fiscal year an extensive program of field investi- 
gations, including among other things studies of the pollution of nav- 
igable waters. These latter studies have been concentrated upon two 
rivers, the Potomac and the Ohio ; the former, representative of the con- 
ditions encountered in large tidal streams, and the latter, from the 
standpoint of the public health, being probably the most important of 
the large inland streams of the country. The investigations undertaken 
upon the Potomac and the Ohio rivers, respectively, though concerned 
with problems which are in many respects different, have been co-or- 
dmated aslFar as possible; and both have been planned in the hope that 
they will lead to results and conclusions which will be applicable not 
only to the particular streams studied, but, with due allowances, to other 
streams. 

Briefly stated, the scope of the work which has been undertaken 
^pon the Ohio River is to determine the extent and character of the 
existing pollution of the river and its immediate and remote effects 
^pon the stream, and the communities bordering upon it, keeping in 

*Passed Assistant Surgeon, United States Public Health Service. 
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mind always that the primary object of the whole study is to determine 
the effects upon the public health, but realizing at the same time that the 
study must be broad enough to give due weight to the many economic 
factors which may exert a powerful though indirect influence upon the 
public health, and that it must be deep enough not merely to furnish a 
record of existing conditions and effects, but also to go. into the funda- 
mental underlying principles in such a way as to throw some light upon 
what may be expected in the future and what measures of prevention 
are indicated. With these objects in view the investigation has been 
planned with special reference to the study of such problems as are 
general, not local, laying more emphasis upon a broad study of the 
problems attacked than upon an attempt to take up the problems pre- 
sented. 

The preliminary plans were made with the assistance and counsel 
of the Advisory Board of the Hygienic Laboratory, especially of Pro- 
fessor Wm. T. Sedgwick, the member of the Board most intimately 
in touch with such work. Then, as the first step in beginning the study, 
a visit was paid to the public health authorities of each state bordering 
upon the Ohio River, to obtain their advice and enlist their active 
cooperation, which, needless to say, has been freely given. 

On account of the necessity of building up an organization from 
rather widely scattered sources, molding together a personnel of quite 
different previous training and no previous association, and establish- 
ing and equipping the necessary laboratories, it was found that the most 
efficient method was to develop the work gradually, building up an or- 
ganization only so fast as it could be utilized along the most effective 
lines. Upon this plan work* was started in July, 1913, with a very small 
force which has been gradually increased from tirpe to time, with the 
expectation of having it completed by the latter part of this spring to 
push intensive field work during the coming summer. 

Cincinnati, being the most convenient central point upon the river, 
was selected as headquarters. A station has been established there 
for all administrative work, including the equipment of the sub-stations 
and supplying them with all materials, including culture media for bac- 
teriological work and standards for chemical tests. At this station the 
general data are cojnpiled and all records of the sub-stations received 
and compiled. A central laboratory has been equipped there, not only 
for the necessary work in the vicinity of Cincinnati, but likewise for 
such special work as can not economically be done at the sub-stations 
with their less complete equipment, especially for making such chemical 
examinations as need not of necessity be made immediately, and for 
intensive study of some special proble,ms in stream purification. 

Branch laboratories, fully co-ordinated with the central station, 
have been established at Pittsburgh, Pa., the head of the river and 
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presumably the site of its maximum pollution ; Portsmouth, Ohio, the 
last point of any considerable direct sewage-pollution next above Cin- 
cinnati ; and Louisville, Ky., the next important point of pollution below 
Cincinnati, and the third largest city upon the river. Additional labor- 
atories are now being equiped at Wheeling, W. Va., and Paducah, Ky., 
the former city having been selected as being the next large city below 
Pittsburg to take its water supply from the Ohio and to contribute its 
sewage thereto, and Paducah as affording the most convenient base 
from which at the same time to study the conditions existing upon the 
lower river and to reach the two largest tributaries, the Tennessee and 
Cumberland. The plans contemplate the establishment of two ad- 
ditional laboratories, upon house-boats, affording bases for a sanitary 
survey of Ohio River communities and studies of .municipal water- 
supplies, and, at the same time, for studies of the river at points inter- 
mediate between the fixed laboratories. 

The organization for the investigation, now practically completed, 
is as follows : Professor E. B. Phelps, Chief of the Division of Chem- 
istry of the Hygienic Laboratory of the Service, though not permanently 
assigned to this work, is detailed, as consultant, to visit the stations at 
intervals, to assist in laying out the plans and interpreting the results. 

The personnel of the central station at Cincinnati consists of a 
medical officer of the Service, in general charge of the work ; a junior 
medical officer in direct charge of the bacteriological laboratory at 
Cincinnati and assisting in administration; three sanitary engineers, 
of whom one is in charge of the chemical laboratory work while the 
other two divide between them the work of collecting geographic, 
hydrographic, population and sewerage data, being, in fact, responsible 
for the varied sanitary engineering work in connection with the in- 
vestigation; from two to four technical assistants with chemical and 
bacteriological training to perform the laboratory work; a pharmacist 
of the Service to assist in administrative work ; and the necessary force 
of attendants. 

The laboratory at Pittsburgh, the most important of the sub- 
stations, is in charge of a medical officer of the Service, who will, dur- 
ing the summer months, be assisted by a technical assistant. Of the 
remaining branch laboratories, one is. in charge of a medical officer, 
and one in charge of a technical assistant. In general, the plan fol- 
lowed is to have the branch laboratories established and organized 
by meidical officers, then placed in charge of technical assistants who 
have previously spent sufficient time in the Cincinnati laboratory to 
thoroughly acquire the exact technique used there. .The plan of having 
all men in charge of branch laboratories assigned first to the central 
laboratory at Cincinnati has appeared the only practicable method of 
attaining the requisite uniformity in details of technique, especially 
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bacteriological technique. The necessary staff of attendants is, of 
course, provided at each station. At Pittsburgh and Louisville the 
laboratories have been located in Marine Hospitals. At the other 
stations it has been necessary to obtain temporary quarters and equip 
them for laboratories. 

At each station samples are collected daily (or as nearly so as 
weather conditions will permit) from carefully selected cross- 
sections of the river, the collections being made by means of 
launches or, in some instances, from skiffs. Under favorable weather 
conditions it is possible to cover in this way a stretch of some twenty 
miles or more of river at each station, and in addition, to obtain samples 
from a number of important tributaries at their mouths. 

The bacteriological examination of each sample consists of total 
counts on agar at 37 °C and gelatine at 20° C, and quantitative estima- 
tion of B. Coli by means of fermentation tests in lactose bouillon, con- 
firmed in all instances by plating on lactose media, and, in a definite 
proportion (10%) of samples, further confirmed by more cornplete 
identification of plate colonies. Realizing the extreme difficulty of 
obtaining comparable bacteriological results at different laboratories, 
great care has been taken to standardize the procedures -followed, in 
minute detail, and to have all culture media prepared at Cincinnati, 
and shipped weekly to the branch laboratories. 

In addition to this routine a considerable portion of- the time to 
date has been devoted to a comparative study of various methods and 
media; in fact, during the first f^w months of laboratory work atten- 
tion has been devoted more to the selection and standardization of the 
most . suitable procedures than to the attempt to begin at once the ac- 
cumulation of extensive records. 

Chemical studies are for several reasons somewhat less empha- 
sized than bacteriological studies. For one reason, owing to the greater 
uniformity and permanence of chemical methods, it is possible to com- 
pile, from previous records, considerable data as to the chemical con- 
stituents of the river water at various points, which is hardly the case 
as regards bacteriological records. Also, since the results of chemical 
examinations are less directly applicable to the main problem involved, 
the sewage pollution of the river, it has not been considered expedient 
to make the far greater outlay necessary to carry on complete chemical 
examinations upon the same scale as bacteriological examinations are 
being .made. In such chemical studies as are being made, attention is 
being devoted especially to studies of dissolved oxygen, extensive work 
in this direction being under way, parallel with the bacteriological 
studies. Sanitary and mineral analyses are being made twice weekly 
upon samples collected from the most important points at each station, 
and forwarded to the main laboratory at Cincinnati. As soon as it is 
practicable to do so, more constant and extensive chemical studies will 
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be undertaken, and special intensive studies of the most important 
factors at certain points. 

Laboratory studies of the stream, must of course, be supplemented 
by such data as are available through a sanitary survey; and, as above 
stated, such a survey, to be made probably from houseboats, will be 
begun in the spring, as soon as the weather will permit. This survey, 
as at present planned, will be made by two medical officers and two 
sanitary engineers, one party of a medical officer and a sanitary en- 
gineer, being assigned to the upper and one to the lower river. The 
effort will be made in this survey to obtain, at first-hand, as complete 
information as is practicable concerning the amount and character 
of industrial wastes discharged into the main stream ; the quality and 
cost of water supplies obtained from the river and other available 
sources, and the general sanitary conditions existing in the communities 
situated upon the river, with special reference to the influence of the 
pollution of the river upon these conditions. In respect to the larger 
cities, data collected by state and local officials through a number of 
years and much more complete than could be collected in this survey are 
already available, and these are being utilized as far as possible, with the 
object of so planning any necessary additional studies as to supplement 
those already made. As supplementary to the sanilary survey, an in- 
tensive epidemiologic study of typhoid fever is being made in Ports- 
mouth, Ohio, and vicinity, Portsmouth having been selected as a repre- 
sentative small town, using at present a polluted water supply obtained 
direct from the Ohio river without purification, and as affording 
especially advantageous opportunities for study at this time since a 
filter plant, now in course of construction, is expected to be put into 
operation within a few months. 

Another line of study necessary to check the results of laboratory 
studies of the stream is a more intensive study of the amount and 
character of the sewage of the more important cities. Owing to the al- 
most universal lack of interceptors, carrying any large proportion of the 
mixed sewage of any of the Ohio River cities, sewage analyses must 
necessarily be unsatisfactory, but it is hoped that the results obtained 
through somewhat fragmentary studies of this character, may, when 
taken in connection with other general studies, serve as a partial check 
upon studies of the. river itself. 

It is, of course, recognized that in attempting to cover such a broad 
field as the whole Ohio River, it will be impossible, within the space of 
a year, to do more than obtain a rather general, broad view of the river 
as a whole. The complexities of the problems involved are almost in- 
finite, appearing more. so the more the general problem is studied, and it 
IS to be expected that the present work will reveal numerous special 
local problems deserving of and requiring further and closer study. 



CHARACTER OF ARTESIAN WELL WATERS IN 

CHICAGO AND VICINITY. 



BY C. B. ANDERSON* 



The State Geological Survey and the State Water Survey are now 
engaged in a special study of artesian waters. While carrying on this 
work the material for this paper was gathered during the Fall of 1913. 

There has been a gradual lowering of the artesian water level in 
this area for the past twenty years, but particularly so during the last 
live. The wells were flowing in the early nineties, but since then the 
static head has been decreasing. The artesian water level from the 
Potsdam series, in the Chicago Stock Yards District at the present time, 
is about 200 feet below the surface or a static head of 390 or 400 feet 
above sea level. This lowered water level is probably due to the large 
number of industrial plants which have had wells drilled in a small area, 
in recent years, thus causing an excessive drain on the underground 
water supply. 

The conditions which have made possible artesian wells in Chicago 
and northeastern Illinois are essentially the same as in any other region 
having such wells. These conditions are: a fairly porous formation 
outcropping broadly in a region of considerable rainfall, and extending: 
under a region of lesser attitude, also, the porous formation or trans- 
mitting .medium is overlain by more or less impervious beds. The over- 
lying beds prevent the escape of the waters which the porous rock has 
collected at the absorbing area, until tapped by drilling. The overlying 
beds need not be entirely impervious, in fact rarely are, but may be mor^ 
or less filled with water, so that the downward pressure of the water 
is as great as the upward pressure of the contained water in the per- 
vious formation. This can only be true when the region is of practi- 
cally the same elevation as the absorbing area. Such is the case in 
northern Illinois, where the St. Peter sandstone, which is the source of 
much artesian water in this regfion, is overlain by semi-porous limestone 
beds and glacial deposits of gravel and till. The elevation of this lime- 
stone area, however, is practically equal to that of the St. Peter's col- 
lecting area. 

Three representative logs of wells in the Chicago region have been 

r 

♦Illinois State Geological Survey. 
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selected in order to further illustrate the conditions here existing. The 
Sears-Roebuck well is in the western part of Chicago, while the Chicago 
i and Northwestern Railroad Company well is at Proviso, about twelve 

f miles, a little north of west, from the Sears-Roebuck well. The well 
at Bensenville has been chosen as typical of the Chicago, Milwaukee, 
and St. Paul Railway Company wells at this place. Bensenville is ap- 
proximately four miles, a little west of north, from Proviso. 

Log of Well at Sears, Roebuck & Co., Harvard and Homan Ave., Chicago. 

Elevation, 590 Feet. 
Quaternary system Thickness Depth 

Pleistocene deposits Feet Feet 

Sand and clay, or surface material ~. 18 18 

Clay, blue 56 74 

Hard pan 3 . 17 

Silurian system 
Niagara limestone 

Limestone, white 126 203 

Limestone, yellow ~ 9 212 

Limestone, white 39 251 

Limestone, dark gray 116 367 

Ordovician system 
Maquoketa shale 

Shale, blue 186 553 

Galena-Trenton limestone 

Limestone, dark gray 112 665 

Limestone, gray I_ 13 678 

Limestone I7S 853 

Limestone, sandy and shaly 5 858 

Limestone, shaly *.. 20 878 

Limestone 120 998 

St. Peter sandstone 

Sandstone 35 1033 

Lower Magnesian limestone 

Limestone, gray 113 TT46 

Limestone, gray 107 1253 

Shale, sandy 25 1278 

Shale, green, sandy : 15 1293 

Shale, sandy ^ :. ■ 5 1298 

Limestone 16 13 1 4 

Sandstone and shale 14 t3:>8 

Shale, sandy and limestone : 33 r.^( 1 

Cambrian system 
Potsdam series 

Sandstone 187 r ^.i.'^ 

Limestone, gray id i5-,8 

Shale and limestone 30 \^'^ 

Shale «c. ' 
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Thickness 


Depth 


Feet 


Feet 


30 


1698 


60 


1758 


30 


1788 


34 


1822 


26 


1848 


/20 


1868 


182 


2050 



Marl, red 

Shale and limestone 

Shale 

Shale, blue 

Sandstone 

Shale 

Sandstone 182 

Log of Chicago and Northwestern Railway Company we41 No. 3, 
SE Ya of NW Ya sec. 5, T. 39 N., R. 12 E., Proviso Township, Cook 
County. Elevation 643.6 feet.* 

Thickness Depth 

Feet Feet 
Quaternary system 
Pleistocene deposits 

Surface material, yellow clay and pebbles ~ 5 5 

Clay, gray with pebbles 25 30 

Drift till, pebbles 43 yz 

Silurian system 
Niagara limestone 
Limestone, light gray, dense, fine grained, sub-crystalline 172 245 

Ordovician system 
Maquoketa shale 

. Shale, bluish gray 233 478 

Galena-Trenton limestone 

Dolomite, light gray, fine grained 130 608 

Dolomite, powdered, fine grained yy 685 

Dolomite, fragmentary, with small amount of rounded 

quartz grains : 125 810 

St. Peter sandstone 

Quartz sand, white, clean, well rounded „ 150 .960 

Lower Magnesian limestone 
Dolomite and limestone, fine grained, light gray, mixed 

with fragments of drab shale 70 1030 

Dolomite, finely powdered, slight reaction with cold acid- 150 1180 

Dolomite, gray, finely powdered, mixed with a consider- 
able amount of rounded sand grains. Slight reaction 

with cold acid 50 1230 

Sandstone, brown to pink, fine grained. Larger frag- 
ments contain specks of a black mineral, probably 

hornblende 40 1270 

Dolomite, gray, slight reaction with cold acid. Some sand 

grains 60 1330 

♦Well drillings studied by Professor T. E. Savage, University of Illinois. 
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Cambrian system Thickness Depth 

Potsdam series Feet Feet 
Sandstone, quartz, light brown, some finely powdered 

dolomite ^«> ^430 

Sandstone, pure, cream colored, rounded 95 ^525 

Sandstone, brown, with finely powdered brown dolomite, 

fragments of gray chert ■ -•• ^5 ^540 

Dolomite, gray, sub-crystalline, fragments coated with ^ 

drab-colored shale --■ 60^ ^^^ 

Shale, calcareous, gray, sandy, considerable reaction with 

cold acid 165 1765 

Sandstone, quartz, coarse, gray, grains considerably 

rounded 60 1825 

Dolomite, light, grayish brown, sandy 5 1830 

Log of Chicago, Milwaukee, & St. Paul Railway Co., well No. 2, 
Bensenville, Illinois. Elevation, 680 feet. 

Pleistocene deposits rttt reet 

Quaternary system Thickness Depth 

Surface sand, gravel and clay 77 77 

Silurian system 

Niagara limestone 

Limestone ..'. I93 270 

Ordovrcian system 

Maquoketa shale 

Shale, blue - 200 47© 

Galena-Trenton limestone 

Limestone 100 570 

Limestone, containing crevices and "caves" slightly iiS 5^5 

Limestone 220 80S 

St. Peter sandstone 

Sandstone 245 1050 

Lower Magnesian limestone 

Limestone, sandy 115 ii^S 

"Red-Rock" (probably sandstone)..: 40 1205 

Limestone 25 1230 

Shale 1 2 1232 

Limestone 28 1260 

Cambrian system 

Potsdam series 

Sandstone 200 1460 

Limestone and shale 240 1700 

Sandstone 100 1800 

Limestone 16 1816 

Sandstone, brown 109 1905 

Sandstone, red 140 2045 

Sandstone, hard, red 141 2184 

Sandstone, soft, white 5 2189 

Sandstone, hard, red • 12 2201 
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DESCRIPTION OF FORMATIONS. 

General Statement. The formations penetrated by boring in tht 
Chicago region include at the surface the glacial deposits of sand, clay, 
and gravel, and locally some old lake sands. Beneath these lies the 
Niagara limestone which is exposed at many quarries in the vicinity. 
The underlying rocks are known only from a study of samples of wreW 
drillings, but on account of the large number examined, a good knowl- 
edge of their character has been obtained. The formations in the Chi- 
cago region are essentially the same as they are in other parts of the 
State or adjoining states, where they outcrop. 

Pleistocene deposits include the glacial drift and also the old lake 
sands around Chicago. The material consists of sand, gravel, and 
boulder clay, varying greatly, both in size of the individual constituents 
and in the different kinds of rock represented. The thickness of this 
formation is variable, ranging from a very thin covering over the 
underlying bed rock to a mantle in places over lOO feet thick. 

Niagara limestone is generally a rather compact, dense limestone; 
in places, however, it may be considerably fractured. The color is 
commonly a light-gray or bluish gray, although white and yellow 
phases have been found. 

The texture,* as a rule, is fine grained and sub-crystalline although 
coarser and non-crystalline variations have been found. The thickness 
varies from 150 to over 300 feet, with an average of about 250 feet. 

Maquoketa shale is a very compact, close-textured, gray or bluish- 
gray shale. The thickness averages approximately 200 feet. Its ex- 
treme compactness and thickness prevents it from being a water-bear- 
ing formation and also serves as a dividing plane to separate the waters 
in the overlying Niagara limestone from those in the underlying Galena- 
Trenton formation. 

Galena-Trenton limestone. The samples of the well-drillings from 
this horizon indicate a light-gray, fine-grained dolomite or a limestone 
which contains considerable magnesium carbonate. Some fragments 
of chert and a small amount of rounded quartz grains have also been 
found. 

St, Peter sandstone. One of the noteworthy characteristics of this 
formation is its great variation in thickness. In some deep borings, no 
sandstone whatever, appears to have been found at this horizon. These 
cases are rare, however, and in some instances may have been due to 
the fact that the formation was so thin that the well driller did not 
note its presence. The thickness ranges from 20 feet and less, to over 
250 feet in a few places. The average appears to be about 100 feet. 
The sand which now composes the St. Peter sandstone was deposited 
upon a very uneven surface, thus accounting for the great variation in 
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thickness in places not far apart. The same reason will account for 
the different thicknesses of the I^wer Magnesian limestone. 

The material of which the St. Peter sandstone is composed is a 
remarkable pure, siliceous sand. The color is white or a light cream. 
The individual sand grains are well rounded and worn, thus showing 
that they had been, subjected to much sorting and abrasion before hav- 
ing been deposited. 

The St. Peter sandstone is of primary interest because it is one 
of the main artesian water beds in the Chicago territory. The first wells 
drilled in this area obtained their water from the St. Peter sandstone. 
As the wells were few, flowing water could be secured. 

Potsdam Series is often spoken of as the Potsdam formation or 
even the Potsdam sandstone ; when the latter term is used it generally 
means the first, heavy, sandstone member of the Potsdam series. This 
first sandstone of the series, sometimes called the Madison sandstone, 
is found in Chicago at a depth of from 1350 to 1400 feet. The color 
is usually a light brown for the first 100 feet, followed by a cream 
colored sandstone for another 100 feet. Below the Madison sandstone, 
which averages 200 feet in thickness, there is a somewhat sandy and 
shaly dolomitic limestone for another 200 feet. Underlying this lime- 
stone, there are other heavy beds of light brown, red, buff, or white, 
sandstone, alternating with thin beds of dolomite and shale. The sand 
as a rule is coarser and not as well rounded as that of which the St. 
P^ter formation is composed. Phases of the Potsdam sandstones have 
been found, however, in which the individual sand grains are consider- 
ably rounded. 

The Potsdam rocks are the oldest penetrated in the Chicago region 
and although the maximum thickness is not known, over 1000 feet have 
been found by drilling. 

The chief interest is attached to the Potsdam because it yields by 
far the greatest amount of artesian water used in the Chicago area. 

MINERAL content OF WATERS. 

Analyses of the mineral content of waters from representative 
wells have been made in the laboratory of the State Water Survey by 
the rapid method of boiler water analysis used in the laboratory.* 

The determinations made include residue on evaporation, nitrates^ 
chlorine, alkalinity, iron, sulphates, magnesium and non-carbonate hard- 
ness. The first four determinations are made according to the well 
Known methods. Iron is determined colorimetrically upon a 100 cc. 
P^^tion. Sulphates are determined gravimetrically upon a 250 cc. por- 
tion. Magnesium is determined volumetrically by means of a solution 
Q^ lime water upon a 100 cc. portion which has been neutralized with 
sulphuric acid. Non-carbonate hardness is determined volumetrically in 

*University of Illinois Bulletin, State Water Survey, Series No. 8, p. loi. 
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a 200 cc. portion by means of N-20 soda reagent. Hypothetical com- 
binations of ions have been calculated from these results. 

•ANALYSES OF WATERS CHIEFLY FROM THE ST. PETER 

SANDSTONE 

Chicago Chicago 

Location Hickory and Bliss Sts. 2270 Claybourn Ave. 

Owner American Malting Co. Northwestern Brewery 

Depth 1302 feet 1302 feet 

Depth of casing 70+ feet To bed rock 

Amt. pumped. Gal. per min 160 « 40 

DETERMINATIONS MADE. PARTS PER MILLION 

Magnesium (Mg) (as CaCOs) 204 192 

Iron (Fe) o. o. 

Nitrate Nitrogen (N) .00 .52 

Nitrate (NOs) .00 2.2 

Chlorine (CI) 184 234 

Sulphate (SO*) 638.6 569.9 

Residue 1424 1434 

Alkalinity (as CaCOi) 220 * 202 

Non-carbonate hardness 

(as CaCOs) 368 356 

HYPOTHETICAL COMBINATIONS. PARTS PER MILLION. 

Sodium nitrate (NaNOs) 3.0 

Sodium chloride (NaCl) 303.6 386.1 

Sodium sulphate (NaaSO*) 423.4 338.5 

Magnesium sulphate (MgSO*) 244.8 230.4 

Calcium sulphate (CaSO*) 233.0 223.0 

Calcium carbonate (CaCOa) 220 202 

Undetermined 9.2 - 51.0 

Total 1424 1434 

HYPOTHETICAL COMBINATIONS. GRAPNS PER U. S. GALLON. 

Sodium nitrate (NaNOs) .17 

Sodium chloride (NaCl) 17.70 22.52 

Sodium sulphate (NajSO*) 24.68 19.74 

Magnesium sulphate (MgSO*) 14.28 13.44 

Calcium sulphate (CaSO«) 13.01 13.00 

Calcium carbonate (CaCOs)... . 12.83 11.78 

Undetermined .54 2.97 

Total 83.04 83.62 

The mineral content of the water from any individual well is in- 
fluenced by three factors, (i) Amount and condition of preservation 
of well casing, (2) Rate of pumping, and (3) Depth of well. 

(i) The greater number of artesian wells contain only enough 
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casing to protect them from the caving of any soft formation. The 
casing as it is thus used is not for the purpose of excluding water. 

The usual method of casing is to place heavy, standard, iron pipe 
down to bed rock, where a tight joint is made, either by driving the 
pipe, to which an iron shoe is attached, firmly into the rock, or by 
using cement. A lighter pipe, or the regulation casing, is used to shut 
off the Maquoketa shale. Another caving formation, immediately 
below the St. Peter sandstone, usually requires 50 or 60 feet of casing. 

All wells cased in this manner obtain their waters from all the 
water-bearing formations penetrated. As a result, even though a good 
water-bearing rock may have been struck, the highly mineralized waters 
from all the other horizons mingle with the better water, so that the 
final product from the well is still heavily mineralized. 

(2)^ The rate of pumping is also an important factor with wells 
which contain only the minimum amount of casing. Certain of the 
upper formations, particularly the Niagara limestone, contain crevices 
which perniit the presence of considerable water. 

Therefore, a well cased down to the Niagara Limestone, may ob- 
tain a large amount of water derived from the over-lying glacial gravels. 

This supply is limited and variable, so that if a deep well is 
pumped slowly, say 50 gallons per minute and for only 8 or 10 hours a 
day, the water obtained will partake of the character of the waters from 
the upper formations, in this case, the Niagara limestone. We may 
thus have two neighboring wells of the same depth, same amount of 
casing, and same elevation, but which yield different kinds of water; 
because from one a much greater amount of water is pumped than 
from the other. 

(3) The depth of a well naturally is one of the important things 
m determining the character of its waters, because the different for- 
mations contain waters of different qualities. The shallow rock wells, 
which are not artesian in character, are those which draw their water 
^rom the Niagara limestone or in a few cases from the Galena-Trenton 
limestone. The water is not high in mineral content, the total residue 
being from less than 10, to 20 or more, grains per gallon, the average 
being about 12 or 15 grains. The mineral matter is generally the car- 
bonate salts of calcium and magnesium in the form of bicarbonates. 
Calcium carbonate is the principal constituent, while the sulphates are 
^iuite low. The water usually contains enough hydrogen sulphide to 
"lake the odor noticeable, the amount in one 250 foot well was 2.67 
parts per million or .155 grains per gallon. 

The analysis of the water from the 650 foot well of the Wrisley 
Soap Company is given as an example of the water from the deeper 
rock wells. The well is not deep enough to reach the St. Peter sand- 
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stone, although, on account of fissures the character of the water may be 
slightly influenced by water from this formation. 

The mineral content of 29.40 grains per gallon is a little high for 
a shallow rock well, also some magnesium sulphate is present, which 
imay be due to the waters from the Galena-Trenton limestone. 

The first main artesian water horizon is the St. Peter sandstone. 
'The water that it contains is highly mineralized, especially with the 
salts of calcium and magnesium. Two analyses are given as illustra- 
tions. These wells, one owned by the American Malting Company, 
and the other by the Northwestern Brewery, are of the same depth, 
1302 feet, and agree remarkably well in regard to the analyses, even 
though they are two miles apart. The water obtained is not entirely 
from the St. Peter sandstone, as the wells are about 300 feet deeper 
than this horizon, however, the greater amount of the water is from 
this formation -and can therefore be considered as fairly representa- 
tive. The total mineral content is 1434 parts per million or 83.62- 
grains per gallon, for the Northwestern Brewery's well, and 1424 parts 
per million or 83.04 grains per gallon for the well at the American 
Malting Coimpany. The waters are both very hard, sulphate waters; 
the sulphates of calcium and magnesium averaging together 26.83 gains 
per gallon, while the total incrusting solids, which includes the salts 
of calcium and magnesium, averages 39.17 grains per gallon. The 
alkalies are low, considering the large amount of other salts that are 
present. The large mineral content of these waters does not permit 
their use in boilers, as a very hard, compact scale would form in a very 
short time. 

The wells given in the list of representative wells also draw water 
from the St. Peter sandstone, but they are also of great enough depth 
to obtain water from the first sandstone member of the Potsdam series. 
The analyses show a total average residue of 70-75 grains per gallon, 
thus comparing very closely with the St. Peter sandstone water. 

There is a slight decrease in the average amount of calcium and 
magnesium sulphates, resulting in a lower total residue. This de- 
crease of the amount and kind of mineral content is very probably 
due to the addition of the waters from the upper member of the Pots- 
dam series. The water from this first Potsdam sandstone has not a 
low mineral content, but it is enough lower to produce a decreased total 
mineral residue when the two waters are added. 

It is very probable, however, that wells in the Chicago area down 
to a depth of 1650 feet are influenced to a very large extent by the 
waters from the St. Peter sandstone, although there is undoubtedly 
an addition of the amount of water by penetrating the first sandstone 
of the Potsdam series. The amount of influence that the St. Peter 
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sandstone has, will depend upon the thickness at this locality and the 
size of the well. 

The effect of poor surface casing and slow rate of pumping is 
shown in the analysis of the United States Brewery well water. The 
well in here of sufficient depth to obtain water from the St. Peter sand- 
stone and perhaps also from the first member of the Potsdam series, 
yet the total mineral residue is only 34.28 grains per gallon, which does 
not agree with other analyses of waters from the same horizons. It is 
very likely that considerable surface water or the less-mineralized 
waters from the Niagara limestone get into the well and thus decrease- 
ing the total mineral residue of the water obtained from the well. The 
rate of pumping is given as 75 gallons per minute for 10 hrs. per day, 
but it is probable that this is too high and that 50 gallons is more nearly 
correct, this would also be a factor in reducing the mineral content. 
The comparatively high amount of calcium carbonate in proportion to 
the sulphates would also indicate* that considerable of the water came 
frojn a limestone, in this case, probably the Niagara limestone. 

The waters from the different members of the Potsdam series have 
only been isolated in a few instances so that it is not possible to make 
definite statements in regard to their character. There has been col- 
lected enough data, however, to show in a general way, the qualities 
of the waters from a few of the different horizons. 

The well of Sears, Roebuck and Company was originally drilled to 
a depth of 2057 feet, but was later filled in with concrete for 189 feet, 
leaving a total depth of 1868 feet. The waters from the lower horizon 
were cut off because they contained too much salt. The analysis here 
given was taken when the well was filled in to a depth of i960 feet 
and the casing extended from the surface down to 1788 feet. The total 
mineral content of this water was 1770.3 parts per million or 103.25 
grains per gallon. The total amount of calcium and magnesium salts 
was 19.69 grains per gallon, while there was also present 83.56 grains to 
the- gallon of sodium chloride and sulphate. If we compare this water 
with that from the Consumers Ice Company well, a marked difference 
is noted. The depths are practically the same, i960 and 1967 feet, and 
the total mineral residue differs by only 10 grains per gallon, the Sears, 
Roebuck water having the greater amount. 

The difference in these waters is not so much in the amount of 
total mineral residue, but in the amounts of the different salts which are 
present. The Consumers Ice Company's well water contains two and 
one-half times as much calcium and magnesium sulphates, and only 
half the amount of alkalies as the Sears, Roebuck water. This differ- 
ence appears to be due to the fact that the Sears, Roebuck well is 
cased down to 1788 feet while the Consumers Ice Company well is only 
cased for 303 feet. As a result the waters from the St. Peter sand- 
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stone and other formations mingle with those from the first sandstone 
of the Potsdam series, so that the final water obtained partakes of the 
nature of the waters from both of these formations. The influence of 
the St. Peter sandstone seems to be the greater, as the Consumers Ice 
Company water is more like that from the St. Peter horizon than that 
from the Potsdam series. 

ANALYSES OF WATERS FROM THE POTSDAM SERIES 
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tn 

V 


■3 


.ISO 
'.3 cd 


rbonate 
:as CaCOa 


c 

O 

u 
o 




JO 


M-l 

o 
Q 


Amount 
Gal. pe 


c« 


c 

o 


s 




fd 

•a 

C/3 




Alka 
(as C 


Non-ca 
ardness < 


I-] 














;z; 












M 


Proviso, 111. 


Chicago, 

Northwestern 

R. R. Company 










. 














N 




Well no. 1 


1825 


1551 


107 


.0 


.0 


.80 


3.5 


22 


98.3 


475 


268 


—52.0 


Do. 






























Well no. 5 


1841 


1723 


105 


.0 


.0 


.64 


2.8 


42 


41.6 


426 


268 


—156.0 


Do. 






























Well no. 9 


1849 


1195 


93 


.0 


.0 


.16 


.7 


46 


44.8 


454 


288 


—164.0 


Do. 






























Well no. 11 


1800* 


1200* 


100 


.0 


.0 


1.44 


6.2 


26 


37.2 


370 


244 


140.0 


Bensenville, 


Chicago, 
























111. 


Milwaukee 


























& St. Paul 




























R. R. Co. 


2290 


1236 


170 


.0 


.0 


.32 


1.4 


46 


45.7 


430 


268 


—160.0 



* Approximately. 



ANALYSES OF WATERS FROM THE POTSDAM SERIES— Continued 



Hypothetical combinations 





NaNOa 


NaCl 


NajSO* 


NaaCO, 


CaCOs 


Undet. 


Total 






c 




c 




e 




fi 




c 




1 c^ 




c 


Location 


tsper 
llion 


nsper 
gallo 


tsper 
llion 


ns per 
gallo 


tsper 
llion 


ns per 
gallo 


tsper 
llion 


ns per 
gallo 


ts per 
llion 


nsper 
gallo 


tsper 
11 -on 


nsper 
gallo 


•I. •" 

j2s 


U 

its 






Grai 
U. S 




Grai 
U. S 


rt g 

111 


Grai 

U. S. 




Grai 
U. S. 


£2 






Grai 
U. S. 






• 

Proviso, 111. 












^ 


















■ 


4.8 


.28 


36.3 


2.12 


145.4 


8.47 


'55.1 


3.21 


216 


12.60 


28.4 


1.66 


475.0 


28.34 


Do. 
































3.8 


.22 


69.3 


4.04 


6.15 


. 3.60 


165.4 


9.64 


112.0 


6.53 


14.0 


.81 


426.0 


24.84 


Do. 
































1.0 


.01 


75.9 


4.42 


66.3 


3.86 


173.8 


10.14 


124.0 


7.23 


13.0 


.76 


4.S4.0 


26.42 


Do. 
































8.5 


.49 


42.9 


2.49 


55.0 


3.20 


148.4 


8.65 


104.0 


6.07 


11.2 


.65 


370.0 


21.55 


Bensenville, 




























111. 
















^ 












• 
• 


1.9 


.11 


75.9 


4.42 


67.6 


3.93 


169.6 


9.88 108.0 


6.30 


7.0 


.40 


430.0 


2S.04 



Artesian Well Waters in Chicago Vicinity 213 
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apijoH) TIB^IV 


Is 
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= 3355 5 3 S 


•S 3 5 ! 1 5 5 


amplins iiBiiiv 


5S 

53 


= S ! i 5 5 § 1 


■5:35 3 5 sl 


aiBnonreailBJiiv 


!3 

52 


= 1 1 5 S 1 S S! 


■ : 1 s 5 : s a 


. .pil«>oiW»"I 


if 

^2 


=35;: sis 


•s 5 ! 5 111 


„,qdins mt..wu8BK 


1= 


* * ? j ; ^ 


'1 




:33 


M i 5 3 : 53 




■=? =^ = a i i' i 


ajBqdins nmisiBo 


1= 


■^ 5 1 1 


■^ -i \ I " 


.....™„:,.o 


IS 


=5 a 3 s =53 


""^ I 5 3 353 


(9P1JO 


1 1 1 1 III 


1 

° i 
1 




Well no. 1 at Bensenville, 111. 
Sampled while drillins, al 
depth of 1450 feel. Samples 
taken Oct. 29, 1912 

Well no. 1 at Bensenville. 
Sampled at 'depth of 1450 

stopped. Samples taken Oct. 


Well no. 1 at BensenviUe. 
Sampled while drilling, at 
depth of 2030 feet. Samples 
taken Nov. 23. 1912 

Sampled while drilling, at 
depth of 2128 feet- Samples 

Uken Nov. 29. 1912 

Well no. 1 at Bensenville 

fm^'^fee^^^Well '^iSi'shef 

with casino to deoth of 1236 

Dec 

depth of 1196 feet. Samples 

taken June 28, 1911 

Same well at Godfrey Yards 
as preceding. Depth 1833 
feet. Sample taken Dec. 30 

<>" 



■3g 

5-^ 



214 



Illinois Water Supply Association 



ANALYSES OF WATERS OF HIGH MINERAL CONTENTS FROM ST. PETER AND 

POTSDAM HORIZONS. TABLE Ila.J 









8 




Determinations made. Parts per million 


■ 


















1^ 






4.* 


(3 

Cfl 

cd 


umped; 
Min. 


o" 




G 


s 

IS 






3 


.tiO 
cu 




(kocation 


Owner 


m 


U 




(A 

•is 


^w' 




u 


V 




3 




15- 






J3 


<4H 
O 

Ji 
o. 

p 


Amount 
Gal. p 


Magi 
(Mg) (J 


c 
o 


V 

2 


4^ 

ta 

u 

2 


U 


01 

.a 
a, 






Non-c 
hardness 


Chicago 


Consumers 




To 






















61st St. and 


Ice 




bed 






















University Ave. 


Company 


1967 


rock 


303 


184 


.4 


.80 


3.50 


230 


705.6 


1607 


214 


482 


Chicago 


Best 


























312 Fletcher St. 


Brewery 


2013 


70 


100 


100 


.8 


.20 


.90 


162 


849.7 


1740 


212 


176 


Chicago 


Garden 




To 






















21st St. and Al- 


City. 




bed 






















bany Ave ^ 


Brewery 


1410 


rock 


200^^ 


184 


1.2 


.00 


.00 


550 


347.3 


1640 


224 


340 


Chicago 




























337 Alexander 


Gottfreid 


























St. 


Brewery 


1658 


70 


685 


164 


.4 


.24 


1.10 


440 


550.7 


1781 


226 


372 


Chicago 


• 


























1440 N. Halsted 


Independent 
























^ m j% 


St. 


Brewery 


2164 


81 


150* 


76 


.8 


.00 


.00 


290 


868.6 


2019 


212 


152 


Chicago 


Jeflferson 




To 






• 
















2320 N. Bobey 


Ice 




bed 




















m A it 


St. 


Company 


1650 


rock 


250 


200 


.0 


.00 


.00 


. 680 


605.7 


2245 


224 


440 


Chicago 


Peter 


























North Ave. and 


Hand 
























^ m ^ 


Clybourn Ave. 


Brewery 


1973 


50 


40 


72 


.0 


.28 


1.20 


206 


890.8 


1894 


214 


136 


Chicago 




























18th St. and Ca- 


Schoenhoffen 
























0^ 


nalport Ave. 


Brewery 


2187 


76 


100* 


136 


.0 


.24 


1.10 


620 


578.3 


2135 


240 


SS6 


Chicago 


Sears, 






, 




















Howard and . Ro- 


Roebuck 


























man Ave. 


Company 


1960 


1788 


75 


84 


.0 


.00 


.00 


530 


423 


1770 


286t 


........ 


Chicago 


West Side 






















A ^ « /lA^ 


916 N. Paulina 


Brewery 


2100 


80 


180 


128 


.8 


.48 


.00 


780 


679.7 


2544 


215 296 



•Approximately. 

tAlkalinity to Phenol-phthalein is 8 parts per 

JFor hypothetical combinations see Table lib 



million. 



Artesian Well Waters in Chicago Vicinity 
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M 

ft. 


2 
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H 

Cfl 

IS 



h 

h 



u 
< 

2 








h 

< 









to 

c« 

E 


Note high amounts of cal- 
cium and magnesium aul- 
phates.*** 

Note lower amounts of 
MgSO« and C0SO4 and 
large amount of NatSOi.** 

Water only slightly affected 
by the Potsdam series.* 

Note effect of excessive 
pumping in increasing min- 
eral contents of the wa- 
ter.**» 

Note large amount of alka- 
lies and lower amounts of 
MgSO* and CaSO*.** 

Comparative high rate of 
pumping aids in ^riving 
water a high mineral con- 
tent.* •* 


Large amount of alkalies in- 
dicate Potsdam series. 


do. 
Note increase of NaCl. 


Large amount of casing ex- 
cludes St. Peter water. 
Therefore small amount of 

Note extreme amount of 
NaCl.^* Some effect from 
St. Peter water. 




5 




uoii«8 -s •a 
jad saiBJ9 


93.75 
101.47 

95.63 
103.88 


117.77 
130.93 


• 




• 

CM 


10 

CM 

• 

CO 




CO 

• 

00 




uoi;iiui . 
jaJ 8)JB j 


1607 
1740 

1640 
1781 


2019 
2245 


Os 

00 


fO 

»^ 

CM 


CO 

• 


ex 
rx 


CM 




• 

8 


uoiibS s n 

jad SUIBjr) 


1.25 
1.62 

2.41 
>3.49 


3.64 
3.49 


CO 

• 

CM 

• 

Os 
CO 


00 

o\ 

Cvj 

. 
lO 


1 
• 




• 




UOI{TlUI 

aad siJBj 


21.5 
27.8 

41.4 
59.8 


62.4 
59.9 


1 
1 

1 


o\ 

■ 

Os 
SO 




d 


uoiibS •s n 

jad SUIBjr) 

• 


10 ■* 10 

-• ^0 

■ • • • 





12.48 


( 

1 
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1 
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• 
■ 



. 




uoiiiiin 
jad s:) JB j 


00 tN, «n 00 

• • ■ • 

^ CM 
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• 


• 


s 




0- 

u 

c3 


uones s n 

jad suiBjQ 


12.48 
12.37 

13.06 
13.18 


12.37 
13.07 




• 

1-4 


00 

• 


1 


♦J 

cd 

8 


uoiKioi 
jad 's^JB j 


Tj" CM ■* SO 
»-< « CM CM 
CM CM CM CM 


CM ".t 
«-• CM 
CM CM 


CM 




CM 



CM 


1 
1 



u 

nl 


d 

(3 


uonB8 -s a 
jad 8UIBJ9 


23.67 
6.03 

12.37 
16.50 


6.02 

19.03 


• 

VO 


• 

OS 


■ 

■ 
1 


CO 

CO 




uoifnoi 
aad *«» JBj 


«05.3 
103.4 

212.2 
282.9 


103.4 
326.4 




• 

00 
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CO 
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0\ 
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00 
CM 
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(5 
Si 


uoiiBg •s n 
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• 1 • • 
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1 • • > 
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CO 









U0UB8 -s -n 

jad SUIBJ9 


12.88 
7.00 

12.88 
11.48 


5.31 
14.00 




• 


1*4 
• 
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SO 
CO 

• 

CO 


10 

ON 

06 




uojiiiui 
jad s^JB J 


220.8 
120.0 

220.8 
196.8 


92.2 
240 


• 

VO 

00 
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■ 

CO 

'O 


SO 

• 


NO 

• 

CO 
VO 




0' 

1 


uonB8 -s -n 

jad suiBiQ 


2^1.02 
58.69 

1.84 
16.75 


62.38 
15.90 


CO 

Os 

• 

so 


• 

00 
CM 


CM 
CO 




CM 

• 

CO 




uoiiiiui 
jad s) JB,] 


360.3 
1006.3 

31.5 
287.1 


11069.7 
272.6 


• 

m 

CM 


00 

CM 

ON 


Os 
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00 




U 
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jad 8uiBj<3 


22.13 

15.57 

52 
42.34 


27.95 
65.44 


CM 

00 

• 

o\ 


00 
VO 

• 

OS 
10 


CM 


. 




• 




UOIfllUI 

jad 8) JB j 


379.5 
267.3 

907.6 
726.1 


i 478.6 
1122.1 


OS 

• 

Os 
CO 

CO 


. 

CO 
CM 


1— « 


VO 

• 

In, 

00 


00 




U011B8 's -n 
jad 8UIBJ13 


00 OS ' ^ 

CM : 

• • ; • 


* « 




• 


0\ 
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• 
t 


CM 

. 
T-H 

oi 




uofiiiuz 
jad s; JBj 


00 m : »o 




so 

. 


10 


* 
1 






• 
Location 


Chicago 

61 St St. and 
University Ave. 

Chicago 
312 Fletcher St. 

Chicago 
21 St St. and Al- 
bany Ave. 

Chicago 
337 Alexander St. 


Chicago 

1440 N. Halsted 

St. 
Chicago 

2320 N. Robey 

St 

Chicago 

North Ave. and 

Cly bourn Ave 
Chicago 

18th St. and Ca- 

nalport Ave. 


Chicago 
Howard and 
Homan Ave. 


Chicago 
916 N. Paulina 



B 

o 

B « 

-I 

ii 

V 4) 

•B JB 
« O 

b u 

* * 



V 
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t y 
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.a 
S 

8 

4>> 
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::^ s 
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ANALYSES OF REPRESENTATIVE WATERS FROM THE CHICAGO AREA. TABLE Ia.»» 



Location 



Owner 






o. 



fa 



G 

« 
CO 

u 



o 
Q 



I.S 

as 

■M U 
C *> 

3 O. 
O 

^c5 



Determinations made. Parts per million 



w 

O 

c« 



1^ 



a 

o 



c 

J' 
bo 
o 



e 



M 

o 



ca 



c 
o 

u 



/-s 




^ 




o 




m 




v-/ 




V 


V 




3 


^ 


•a 


O. 


*S 


^■^ 


4> 


3 


piS 







•tiO 

CO 



o 

<uCJ 

•is 

o a> 



Chicago 

1249 S. Talman 
Chicago 

1734 FuUerton 

Ave. 
Chicago 

445 N. Sacremen 

to Ave. 
Chicago 

2612 W. 19th 

St. 

* 

Chicago 
2421 W. 26th St. 

Chicago 

3937 Wallace St. 

Chicago 

1908 W. 18th St. 
Chicago 

18 St. and Can- 

nalport Ave. 
Chicago 

Cottage Grove 

and 27th St. 
Chicago 

37th St. and 

Halsted 
Chicago 

40th St. and 

Normal Ave. 
Chicago 

Snow St. and 

Elston Ave. 
Chicago 

38th St. and S. 

Racine 

Chicago 
900 S. Fifth Ave 



American 

Malting 
Company 

Deering 
Harvester 
Company 

Griff en 

Wheel 
Company 

Illinois 

Vinegar 

Works 

Monarch 
Brewery 

Mullen's 
Brewery 

National 
Brewery 

Schoenhoffen 
Brewery 

Seipp's 
Brewery 

South 

Side 
Brewery 

•Tosetti 
Brewery 

United 

States 
Brewery 

White 

Eagle 
Brewery 
Wrisley 

Soap 
Company 



1603 
1565 
1738 
1350 
1600 
1632 
1590 
1600 
1600 
1632 
1366 
1344 
1816 
6501 



571 



38 



300 
To 
bed 
rock 
To 
bed 
rock 



39 
14 

re 

50 
41 
42 



150 
110 
175 
150 
115 
68.9 
100» 
100* 
200 
lOO* 
60 



I 



591 75 

57 100* 
To I 
bed I. 
rock I 40 I 



144 
148 
212 
128 
192 
108 
156 
140 
184 
164 
144 
104 
136 



.6 
i.2 

.4 

.6 

.00 

.4 
1.6 
2.0 

.4 

.00 

.8 
1.2 

.4 



.00 
.08 
.00 
.00 
.56 
.00 
.24 
.00 
.00 
.00 
.24 
.24 
.24 



.00 



150 



226 



.00 
^00 

.00 

1,1 

.00 
.00 
.00 

1.1 
1.1 
1.1 



439.2 



571.9 



210 564.5 



330 
250 
120 
130 
120 
160 
250 
250 
40 
140 



332.9 

r 

412.4 
466.1 

555.8 
569.1 
625.6 
465.8 
553.7 
227.3 
517.6 



1361 1.8 I .aOj .901 361138.9 



1218 
1418 
1389 
1284 
1253 
1088 



228 



344 



220 392 

I 
218) 344 



224 



196 



228 292 



214 272 



1217 210 



1289 
1384 
1368 
1456 

588 
1222 

504 



222 
212 
216 
212 
160 
212 
242 



360 
384 
440 
320 
362 
116 
262 
56 



•Approximately. 
**For hypothetical combinations sec Table lb. 
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The deep wells of the Chicago, Milwaukee and St. Paul Railway 
Company at Bensenville and of the Chicago, Northwestern Railway- 
Company at Proviso, have furnished some very good information in 
regard to the qualities of the waters from the Potsdam series. 

The water from well No. i at Bensenville was collected from dif- 
ferent depths while the drilling was in progress. The analysis of the 
water from the 1450 foot horizon indicates a sulphate water but yet 
not a very hard water, the total mineral residue averaging only 17.34 
grains per gallon. This water could be used in boilers with only a 
slight amount of treatment. The horizon from which this water was 
obtained is the first member of the Potsdam series, and is reached in 
Chicago at a depth of about 1350 feet. The water obtained at a depth 
of 2030 feet shows an increase of about 12 grains per gallon of the 
alkalies, over the amount present in the water from the 1450 foot level. 
The amount of incrusting solids remains practically the same, but with 
a marked difference in that the sulphates of calcium and magnesium 
are absent; these elements being present in the form of carbonates. 
Therefore the water at the 2030 lOot horizon is a better water because 
the sulphates of calcium and magnesium which are here absent, tend 
to form. a very hard, compact scale when the water is used in boilers. 
The great increase in salinity is the conspicuous feature about the water 
obtained from the 2290 foot horizon as the amount of salt present is 
over ten times as great as that in the water from the 1450 foot level. 
There is also an increase in the total amount of incrusting solids to 18.05 
grains per gallon ; and sulphates of calcium and magnesium are again 
present. It would therefore be advisable to use some treatment for 
this water in case it should be used in boilers. 

The Chicago, Milwaukee and St. Paul Railway Company have 
cased these wells down to a depth of 1200-1250 feet, and are thus able 
to procure a water that can be used in boilers without treatment. The 
main reason for this is that the very hard, sulphate waters from the 
St. Peter sandstone have been excluded. 

Analyses of the waters from the Proviso wells show a total, min- 
eral residue of only 370 to 430 parts per million or 20 to 28 grains per 
gallon, and no sulphates of calcium and magnesium. As these wells 
are cased to 1700 feet, the effect of shutting off the St. Peter sandstone 
water is shown. 

In closing, I wish to ask your assistance and cooperation in this 
study of deep wells that is being conducted by the state Geological and 
State Water Surveys. The work can only be made a success, by se- 
curing the assistance of men who have specific knowledge concerning 
wells. We therefore respectfully ask for any information that you 
may have regarding wells, such as location, records of drilling, kind 
and amount of water obtained. This help will be greatly appreciated 
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as an aid in securing accurate knowledge of the underground water 
conditions in this state. 

DISCUSSION. 

Pownall: Does the section apply around Joliet? Also how deep 
is the St. Peters formation at Chicago? Has anyone had experience 
in plugging wells with concrete. 

Anderson, C, B,: The formations would be found at a greater 
depth in Chicago as there is a slight local dip of about 8 to 10 feet to 
the mile from Joliet to Chicago. The geological column at Joliet is 
otherwise the same as at Chicago. The State Geological Survey has a 
good record of a well at Joliet, if desired a complete log will be sent. 
The St. Peter sandstone is found in Chicago at an average depth of 
about 900 feet. 

In certain instances wells have been plugged with cement. 

Pownall : Was that plugging done by simply pouring concrete in ? 

Anderson: The concrete is generally mixed and placed in small 
bags before putting it into thfe well. 

Bardwell: We had a little experience about three months ago 
with a 130 ft. well. We tried to plug out the strong salt water. We 
first tried concrete, one part cement and one part sand and it did not do 
any good. We drilled that out, drilling below the lOO ft. mark where 
the salt water was. We tried other means without success and would 
be glad to know of successful plugging. 

Anderson: Wooden plugs from 2 to 3 feet in length and of 
nearly the same diameter as the well are sometimes used for plugging. 
The plugs being driven into place by means of heavy rams. It is 
usual to place a few feet of coarse, broken rock above the plug. 

Anderson, W- F-' We had some experience with a 10" well at 
Hammond, La. We thought there was some obstruction at the bottom 
of the well and we took a photograph. This we did by shaping a wood- 
en plug to a size that would enter the 'casing. From this plug a tin 
band extended 2" downward enclosing a space in which a number of 
nails were driven leaving the heads flush with the outer edge of the 
tin band. In this space soap was smoothly packed so as to take an 
impression of any object. The plug was then lowered into the well and 
an impression obtained. It was found that a 4" pipe had been dropped 
in the well and was leaning to one side of the casing. The pipe was 
taken out, the sand removed from the bottom of the well, after which 
a bag of oatmeal was put in. When the oatmeal swelled it shut off the 
water and sand sufficiently to let the cement set. 

Anderson, C. B, : Flax seed is often used the same way. 



THE ECONOMIC DESIGN OF STORAGE TANKS, 



BY HAROLD E. BABBITT* 



In laying out water works systems the condition frequently arises 
that a storage or pressure tank or a tank combining these two features 
is needed. The factors that determine the location and capacity of 
such tanks are Very numerous, and generally speaking, depend upon 
practical local considerations. Once the capacity of the tank has been 
decided upon and a site chosen theiefor, whether this be on a hilltop, 
a tower or a building, it becomes of interest to ascertain the most 
economical proportions for such a tank. It is the object of this paper 
to present a mathematical analysis of a general character which brings 
out the economical relation between depth and diameter. This analysis 
indicates that for any given cost of material of construction, there is 
a fixed depth for all tanks regardless of their capacity and that the 
economical way to secure increased capacity is to increase the diameter 
while maintaining the depth the same. 

. In demonstrating this proposition the depth of the tank may be 
expressed by the formula 



\3i6\^ 



354fcMrfte 



:6wMarK + bf ^en 
in which; 

a, is the fraction which t' is of t. The considering of this factor 
as a constant may be open to some criticism, as it is dependent on the 
minimum thickness of plate used and the frequency of increase in thick- 
ness of the plates. With a standard practice it is closely correct and 
from a theoretical viewpoint absolutely correct. 

b, cost in cents of pumping one million gallons of water one foot 
high. 

c, the cost of the foundation in dollars per cubic yard assuming a 
concrete foundation or in dollars per unit area under the assumption 
that the cost of foundation is a function of the area. 

d, the diameter of the tank in feet. 

e, the average efficiency of vertical joints. ^ 

f, the depth of the foundation in feet. If the tank is constructed 
on a tower with pile or concrete post foundation the expression is 
simply modified to suit this condition. 

♦Instructor in Municipal and Sanitary Engineering, University of Illinois. 
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ft, the working strength of the metal in tension in pounds per 
square inch. 

h, the depth of the tank in feet. • 

K, cost of metal in cents per pound. 

M, a factor covering labor, erection, overhead charges, etc., and 
approximately a certain fraction of the cost of metal and foundation. 

n, the number of times per day the tank is filled by pumping. 

Q, the capacity of the tank in cubic feet. 

r, the annual rate of interest plus depreciation on the extra initial 
cost of the tank to decrease the pumping cost. The initial cost of the 
tank itself is rendered somewhat greater than otherwise by a decrease 
in the depth in order to reduce the cost of pumping. 

t, the thickness of the metal of the lowest side plate in inches. 

t', the average thickness of the metal in inches. 

W, total weight of metal in pounds. 

w, weight of metal in pounds per cubic foot. 

The total cost of the tank can then "be expressed as the sum of the 
cost of the metal and foundation times M plus the capitalized cost of 
pumping. The daily cost of filling the tank is 

— W -dollars. 



13,333,333 



The amount which should be set aside as the cost of tank to cover pump- 
age is therefore 

,./t At, ^ " x doUars. 

r( 13,333,333) , 

The total cost in dollars is thus 



j^[WK .^d'fcr].^ 365Qbhn 
Lioo 108 J r( 13,333,333) 



The term ^ r. is obtained on the supposition that the foundation 

IS a solid concrete block. If a tower, piles or concrete piers are used 
a modification of the formula is simple. To express W in terms of h 
and d it is known that 

2.6 hd 
fte 
and thus 

2.6 ahd 



f = 



fte 
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and the volume of the steel is equal to 

•2.6 h^d^a? r 
12 f ,e 

Therefore 

,,. 2.6 hM^awff 

W — 7 

12 f^e 
and the cost of the pipe in dollars becomes 

2.67rhM^awKM , ird^fcM , 365 Qbhn ^ jj^^^ 
i20of,e 108 r( 13,333,333) 

We thus have the expression of the cost in two variables, h and d, 

such that == Q a constant for any given' capacity. The cost of 

4 

the tank can be reexpressed as 

.00681 hwK4QMa .0291 fc4QM , 365 bhQn ^ 

f ,e,r + ^Hi + r(i3,333,333)d°J'^'-«- 

Differentiating this with respect to h and equating the derivative 
to zero we find that 



\316v 



354 fcMrf te 



3i6wMarK + bf^en 



a constant independent of the capacity of the tank. 

For example let it be supposed that a tank of 50,000 gallons 
capacity is to be constructed in such a manner that the average thick- 
ness of the metal of the sides of the tank is 67% of the thickness of 
the metal in the lowest side plate i.e. a is 0.67, the cost of pumping one 
million gallons one foot high is loc, equal to b, the cost of concrete in 
the foundation is $5.00 per cubic yard, the efficiency of the vertical 
joints in the tank will average 67%, the depth of the concrete founda- 
tion is 5 feet, the cost of the metal K is 5c per pound, the labor, 
erection, overhead charges, etc., are 10% of the original cost of the tank 
or M is I.I, the tank is to be filled and emptied once a day or n equals 
I, the rate of interest plus depreciation is 10% or r equals o.io, the 
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working strength of the metal f^ is 12,000 pounds per sq. inch and the 
value of w or the weight of metal per cubic foot is 490 pounds. 

Substituting these values in the above expression it becomes 
apparent that the depth of the tank should be 15 feet. If the cost of 
pumping is not considered the most economical depth of tank would be 
23 feet. The depth of the tank is unaffected whether for 50,000 gal- 
Ions or 50,000,000 gallons so that all tanks should theoretically have 
the same depth with the same imit costs of materials. A slight change 
in the cost of materials or pumping, however, may affect the depth 
of tank materially. 
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BacttrtokHOft and Ghemlst 
W. B. McllMiry, Coimsd 

AETNA ENGINEERING BUREAU 
Ciidl and Sanitary Enj^eers 

Suit* 7M-17 N. LaSdla St 
Tdephon* Pnaklln tW 

CHICAGO 



EDWARD GUDEHAN,PIi.D. 

CONSULTING SCIENTinC 
EXPERT 

POSTAL TELSCKAPH BLD6. 

CHICAGO. ILL. 



Alvord & Burdick 

Consulting Engineers 

Water Supply Sawsnge Water Powar 



HARTFORD BUILDING 

CHICAGO 



Assoc. A 01. Soc. C. £. 

C. A. JENNINGS 

CONSULTING ENGINEER AND 
HYPOCHLORITE EXPERT 

Filter Plant Supervision, Inves iga- 
tions, Reports, Analyses. Hypo- 
chlorite Treatment, Jennings' Sew- 
age Screen. 

UNION STOCK YARDS, CHICAGO 



Water Supply 
Sewerage 



. 



Water Purificatioii 
Sewage Disposal 



WM. G. CLARK 

Consulting and Sanit&ry 
EngineOr 

mi-i-9 6 so S^ar KH^ Tolado, OUo 



WYNKOOP KffiRSTED' 

M« Am. Soc. C« £• 

Con&ultiQg Hydraulic and 
Sanitary Engineer 



640 MIDLAND BUILDING 
KANSAS CITY, HO. 



GEO. W. fuller 



M. AM. SOC. C. C. 



M. AM. INST. CONS. E. 



Consulting Hydraulic En^neer 
and Sanitary Expert 

Associate James R. HcClintock 

ASSOC. M. AM soc. C. E. 

C. B. BUEBOEB. Assoc. M. AM., SOC. C. B. 

PBIN. A88T. BNOB. 

Water Supply and PurifieatioD. Sewer- 
age and Drainage. Disposal of Sewage 
aud Refuse, Investigations of Epidemics. 
Water Works Valuation. Supervision of 
Construction and Operation. 

170 BROADWAY NEW YORK, N. Y. 



Heiii.Aiii.Soc.C.E* Hein.A]ii.SocJII.E« 

DABNEY H. MAURY 

CONSULTING ENGINEER 

Inventories and Appraisals of Public 
Utilities. Investigations, Design and Sup- 
erintendence of Water Works. Water 
Purification, Sewerage, Sewage Puri- 
fication, Electric Lighting and Land 
Drainage. 

1137-8 Honadnock Block 
CHICAGO ILLINOIS 
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METCALF 6 EDDY 



Leonard Hetcalf 



Harrison P. Eddy 



OmtIm W. Sharaao, WUUan T. Banni. 
AlMoLPtlts 

14 BMCon Street, Boston, Hiss. 

Water Supply 6 Sewera(fe 

WmiaiB T. BanMS In Chute Chlcaio Office 

Harris Trust Bldg., Chicago 



Arthmr MarsluJl Morgan 

Hydraulic, Electrical and Sanitary 
En^eer 

Manidpal Work a Specialty 



HejTis Trust Bldf. 



CHICAGO 



W. F. MONFORT 
EXAMINATION OF WATER 

Supervision of Filtration and Softening 
Plants 

Standard Media and Solutions 

4458 Wasbin^ton Boul. St Louis 



ROBERT SPURR WESTON 

IL Am, Soc C. E. 

■. Can. Soc. C. E. 

Consaltinjif Engineer for Water 
Purification, Sewage Disposal and 
the Disposal of Factory Wastes. 
Hygienic Analyses. 

14 Beacon St., Boston, Mass. 



Edward A. Pratt, President 
THE 

EDWARD A. PRAn AUDIT CO. 

PEORIA and CHICAGO 

We Specialize in 

AUDITS AND SYSTEMS 

for PubUc UUUties 



W.S. SHIELDS 



W. D. GERBER 



THE W. S. SHIELDS COMPANY 

CONSULTING ENGINEERS 

Municipal, Sanitary and 
Hydraalic Engineerincl 

Suite 1201-3 Hartford hldi. 

CHICAGO, ILLINOIS 



MORRIS KNOWLES 



IL Am. Soc. C E. 



BLIUinols W.S. Assoc. 



Hydraulic and Sanitary Engineer; 
Water Works and Water Purifica- 
tion; Valuations and Rate Studies. 



Chicago, III., 54 W. Randolph St 

BENEZETTE WILLIAMS 
C B. WILLIAMS 



Consulting, Designing & Supervising 
Engineers, Hydraulic Works and Valu. 
ations of Public Utilities a Specialty, 
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A II Records Surpassed 

One Million Meters Made 
and Sold to Mch. 4, 1913 



One Hundred Timity-six Thousand Sold 1 9 1 3 



Neptune Meter Co. 

NEW YORK BOSTON 

ATLANTA LOS ANGELES 

CHICAGO 
565 West Washington B'lv'd 



Mention Our Proceedings when Writing to Advertisers iv 



►T 



\ 



Ul parts 
ifchange- 
able. 

ntenance 
nominal. 

Their merits have made meter systems popular. 

A good article b always worth the price. 
Ml improvements which the tests of time and long 
service show to be requisite in a Perfect Water Meter, 
are embodied in the Lambert. 

ONE MODEL ONLY. 

Made in all sizes f to 6" of best bronze Composhioii 
throughout, fitted with Unbreakable reinforced disc- 
pistons. 

lUuitraied Price List on Application. 
Address Dcpt. H- 

THOMSON METER CO. 



100.110 BRIDGE STREET 



BROOKLYN, N. Y 
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:ttL KINDS Of METERSFOBAILKK OF SEWS" 
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It is Dot neceuary to 
introduce diese meters to 

the members of the 
I. W. S. A. 

Tliey have been used in 
Illinois from the first and 
always gave satisfactory 
and economical service. 



Catalogue 

"B" 

sent on 

request. 
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BADGER METER MFG. CO. 



BADGER METER MFG. CO. 

FiHsbarg, Fa. Kansas City, Ho. Chicago, III. 

Seattle, Wash. Milwaukee, Wis. 
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DON'T FORGET TO WRITE US! 

WHENEVER IN THE MARKET FOR 

Meier Boxei Service Box and Pipe Fbder 
Meter Couplmgs (Tekugon) Special Teiting lastruments or 
Meter Terters Appliance* 
ItoD Collapsible Form* Special Water Worki Gauge* 
Valve Hou*iD8* E>«ep Well Coa*tructk»i. 
Valve Boxe* Deep WeU Pump PluDger*. 
Service Boxes ^ngle and Double Actkig 
Repair Lid* ' Any Equipment (or Deep 
Roadway Covet. WeU. 

Intpectori Gauge* Special Water Work* Castingi 
USED EVERYWHKRE 


H. W. CLARK CO. 

MArTMN,ILL,ll.S.A. 
NEWTOU CHICAGO 



Quality is Economy 



Our policy has always b«en, and always 
will be Not "how cheap", but "How good". 

CROWN, EMPIRE, NASH, GEM 
AND EMPIRE-COMPOUND 

WATER METERS 



National Meter Company 

1227 Wabash Avenue, Chicago 



New York Boston Pittsburgh 
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The Mueller 
Water Meter Tester 

Shows at a glance whether metere are over-registering ot under- 
registering. Indispensable to every water works company 
metering water. Simple, reliable and dependable. Hnndreds of 
MUELLER Water Meter Testers are in every day use and each 
one is giving absolute satisfaction. Determining the meters 
condition is purely mechanical. No chance for mistake. Any- 
one can make the test. 

Thie machine ia endorseil by SuperiDten dents everywhere 

OS one which will pay for itself and as being a neceesity in 

every town where metere are used. Take the queBtioo up 

with ua. Write today. 

All Mueller Goods are Unconditionally Guaranteed 
H. MUELLER MFG. CO. 

DFXATUR. ILL. 
New York San Francisco Samla, Ont. 
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Uses of G-E Water Flow Meters 

G-E Water Flow Meters with dial register attachmeots have maov uaes 
in pumping etatioDs, water supply eysteme and hydraulic ptanls. Some of 
(he principal applications are as follows: 

|. HeisurliiK Ifae outpal ol iadlrldual 
cnimiiB or tbe lotal output ol tbe 
pnmplne proDt. 



. niscoTering loases due to leaks in 

wstermaiDEDTWHstelaLconBUiDplion. 

. Discovering euddeD Ructuatiooa ol 



and eRlcleiicj. 

'al diflerent types. for measuring 



General Electric Company 

®Ur£tat EUclTlcal lluiuhcliir*r in Iha World /0^ 

General Office: Schenectady, N. Y. DUtrict Offices ln:1^ 

>oitui,iiui. New York, N.Y. rUIsdglpUk, Pa. AUsntt^Gi. 

ClBdoHttl, Ohio cUc^o, ni. DeoTtr, Colo. San Frudsco, CiL 

Salti omcu In aU Lar^ CMm 4711 



r Illinois Water Supply Association 

EsUblishcd 1849 
W. P. Taylor, Pre.. F. J. Abel, Sec'y and Treas. 

Bingham & Taylor 

W. p. TAYLOR COMPANY 
SUCCESSOR 



CAST-IRON 

Service and Valve 
EXTENSION 

SHUT-OFF BOXES 



WATER AND GAS 



Grey Iron and Converter Steel 
Castings 



Foundiy, 575-60 1 Howard St. Office, 2 1 8 Ellicott Square 
BUFFALO, N. Y. 
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Fire ITydrants 



Frost Proof, Simple, Efficient 

Important Features 
Simplicity of Constrtictioii 

All wofking partt can be euily removed 
through lop of hydrant. It does not Tequire a 
tkilled mechanic to replace them. 

An sbaolulely dependable automatic drain 
valve ii in extreme bottom of hydrant. It can 
not be clogged. 

A newly patented device prevents flooding 
of gtieels and conicqiient damage if standpipe 
should be broken by team or automobile. 

The Ludlow Hydrant Buihei itielf clean. 
Tliere is DO pocket in which foreign substances 
can lodge and interfere with working parts. 

Evoy working part is substantial. There are 
no complicated small parts to wear out oi break 
under strain. Material and wodunanship are 
lirat-dast throughout. 

LUDLOW 



GATE VALVES 

All Styles, Any Size 

Every Puipose 

Motor or Hydraulic 

operated 

Catalog 
on request 



THE LUDLOW VALVE MFG. CO. i 

TROY, N. Y. 

BKANcan 
633 Tbe Rooliery, Chicago Victor VUg^ Xaout Oty 
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Water Waste Increases Cost 
of Operation 

YOU CRN 
ELIMINATE ALL LEAKS 

resultbtg (rom defective Curb Cocfcs, CorporaUotl Cocks and Goost-ntcks 

BY USING GLAUBER 

-GLAUBER COCKS we nude of the proper HIGHEST GRADE 
metal, which u evenly diitribuled at all pointi and especially K-infOTC' 
ed where the pouU>ility of strain and leakage it greatest 

—The employees of the GLAUBER CO, are taught the importance 
of the functioni these coclu have to perform, with the result that the 
thought "MUST NOT LEAK" prevail* throughout the wcwb 
from the ntaking of the core to the finished product. 

—THE ORDER to make sure that the finished cocia do not teak is 

well understood by out special inspectOTi and tetters who do nothing 
but intpect and tett — all day long — one cock at a time. 

If you want Dtm'l take chances 

this kind <rf w'«h ''^^^°r 

protection ' substitutes when 

•pedly GLAUBER GLAUBER COST 

on your orders. NO MORE 

GLAUBER BRASS MFG. CO. 

CLEVELAND, 0. 

HEW YORK S/IH FRANCISCO 



Illinois Water Supply Association 



THE A. P. SMITH MFG. CO. 

EAST ORANGE. N. J. 

Manufacturers of tfie 

SMITH TAPPING MACHINE 

I m shown below in cut. 



The above machine is the latest improved Tapping Machine for 
use in Water and Gaa Departments. Note that operation is onside 
of the machine instead of end of shaft. This insures a large saving 
where expensive pavements have to be disturbed in order to maJie 
connections, as the width of trench required with the first tapping 
machines is not necessary. Furthermore on account of gearing 
attachment the speed of operating the machine is regulated so 
that cutters last much longer. 

wnt« for drcultrs dsscrlbla^ our otb«r iptclaltiss, xuch u 
Tbe Smllh Clunpad Sltsve and Vblve Valve Insarting Macblns 

Tapping H achloa for Insartinf! Corporation Pateot Le&d Fumacas 

Cocks V&lves tor Statiiii, Gas, Watar, Oil. ate. 

Patent Automatic CalklDf! Ihchlnex Fire Hydr&nts 

Patent Pipe Cutting Machlnax. Hacbines tor Testing Water Meters - 

Patent Lead Joint Ramovar Brass Goods ot every descrlptton 
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THE BOURBON 
COPPER & BRASS WORKS COMPANY 

CINCINNATI, OHIO 




Manuf aictiirers of 



Patent Fire Hydrants 
Stop Valves 
Sluice Gates 

Extension Valve Boxes 



Water Works and 
Fire Department Supplies 



4-INCH VALVE 
OPENING HYDRANT 

5-mch internal diameter 
of Stand Pipe; two 2 J. 
inch nozzles; 4-inch or 
6-inch shoe connection. 



Our 1914 Catalogue now 

ready for distribution and 

mailed upon request. 
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Illinois Malleable Iron Co 

CHICAGO 

Manufacturers of 

Nokoros Unions 

The only Union made absolutely Non-Corrosive. (Brass 

against iron) at all contact points. 

Imico Unions 

, Non-Corrosive at two contact points, — i. e. brass against iron 
at the seat, and brass against iron ring connection. 

C. D. Railroad Unions 

A heavy pattern air furnace, malleable iron Union vnth 

bronze seat. 

Square Band Malleable Iron Fittings 

Made in perfect proportions with perfect threads, and best 

quality air furnace iron. 

Cast Iron Fittings 

Fittings with high tensile strength, tapped with accuracy and 

perfect alignment. 

Malleable and Gray Iron Castings 

Orders solicited. 

Complete line of Flanged Fittings — Stop Cock Boxes, Valve 
Boxes, etc. Street Improvement Castings, such as 

Manholes, etc. 

You will find what you want in our CATALOGUE 
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CAST 



IRON 



ALL REGULAR SIZES 
3 INCHES TO 84 INCHES 



PIPE 



For WATER. GAS, SEWERS, DRAINS. Etc. 



Raflroad and Turoplke Culverts 
Flan^ Pipe and Flange Fittings 

HEAVY CASTINGS 

AND THOSE MADE FROM ORIGINAL DESIGNS 

United States Cast Iron Pipe and 

foundry Company 



GENERAL OFFICES r. BURLINGTON, NEW JERSEY 

General Sales Office 1421 Chestnut St., Philadelphia, Pa. 

Western Sales Office Peoples Gas Bldg., Chicago, Ill- 
Southern Sales Office James Bldg.. Chattanoosra. Tenn, 

New York Sales Office 71 Broadway, New York 

iSttsburgh Sales Office Henry W. Oliver Bldg., Pittsburgh, Pa. 

St. Louis Sales Office Security Bldg,, St. Louis, Mo . 

Ban Francisco Sales Office Monadnock Bldg., San Francisco, Cal. 

Portland Sales Office - Yeon Bldg.. Portland, Ore- 
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Chicago Bridge &. Iron Works 



ENGINEERS. MANUFAC- 
TURERS, CONTRACTORS 

UetigD — Manufacture — Construct 
Water Tanki, St&ndpipei, Oil Tankt, 
Coal Chntet, Gu Holden,* BridEei, 
Tnmtablei, Bnildingi, Stractaral Steel 

Metal Structures for 
Every Purpose 

Wiits mi far pIkBt, ipacifteatiaBi aai p 
11I»lr>ted citahiBC Bailtd apaa n 




CnaiiTilb, Pa 



It Tnck RoUini Lift Brides 



Tank Replmcinff Wood«ii Structur* 



All Steel CmUdi Sutiou 
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COLUMBIAN 

FIRE HYDRANTS 

GATE VALVES 

METER BOXES 

SLUICE GATES 

SHEAR VALVES and BOXES 

All possess distinctive improved features 

which will appeal to the practical 

water works operator 



ASK US 



Manufactured only by 



Columbian Iron Works 

Chattanooga, Tenn. 

EARDLEY & LORENZEN 

Western Agents 

309 Monadnock Block 
Chicago, III. 
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Water Filtration Problems Solve^ 

Municipal Industrial Domestic 

GRAVITY AND PRESSUR^^ILTERS 

Hypochlorite of lime apparatus in nock ready for immediate 

shipment, r 



y^ 



ROBERTS FILTER MFG. CO., Inc. 

General Offices and Plant 

DARBY. PENNSYLVANIA 

Branches in Principal Cities. 



Water Purification Plants 

For Municipal and Industrial 
Purposes. 

NEW FILTRATION PLANT 
EVANSTON. ILLINOIS 

Now being built by us. 



Estimates cheerfully furnished 



We also manufacture Fire Hydrants: 

"HOLYOKE" and "IMPROVED WALKER" 

Norwood Engineering Co. 

Florence, Mass. 
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Municipal Filtration and 

Water Softening Plants 

Highest Elfilciency 

Greatest Economy 

Most Modern Construction 

at 

Reasonable Cost of Installation 

I OO Plants built or under construction, among which are 

St. Louis, Mo., i 60,000,000 gallons daily 

. Louis»ille, Ky., 36,000,000 " 

Rod Island, 111., 6,000,000 " 

Waco, Texas, 5,000,000 " 

Wilkinsburg, Pa., 12,000,000 •• 

Flint, Mich., 8,000,000 " 

PITTSBURG FILTER MFG. CO. 

Kansas City, Mo. PITTSBURG, PA. 
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The Kennicott Company 

Factory and Laboratory 
CHICAGO HEIGHTS, ILLINOIS 

CHICAGO SALES OFHCE NEW YORK SALES OFFICE 

1405 CORN EXCHANGE BANK BLDG. HUDSON TERMINAL BLDG. 



Kennicott Jewell Filters 
Kennicott Water Softeners 
Kennicott Water Weighers 

steel Storage Tanks 



We invite correspondence with parties interested in 
improving their water supply and with Consulting Engineers 
who desire estimates on anything in our line. 

We own and operate a large Steel Plate Plant, and are in 
position to give careful and prompt attention to our customers. 

For the past 1 5 years we have installed Kennicott Water 
Softeners for some of the best known Firms, Railroads and 
Industries in all parts of the world. 

Our Filter Department is under the direction of Mr. Wm. 
M. Jewell, an expert of long experience in his line. 
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WE DESIGN AND CONSTRDCI 

FILTERS 

GRAVITY AND PRESSURETYPES 
And Guarantee R.esults 



OPERATING FLOOR OF SCRAHTON, PA^ FILTER PUNT 



OwDtrs of lb* 
NEGATIVE HEAD FILTER PATENTS 



LICENSEES 

PlCtfiburgb Filter Mfit. Co. 

Norwood EDglneeTlng Co. 
. Kol>erts Filter MtK. Co. 

HYPOCBLORITB STEREIZmG APPARATUS AND WATER SOFTENING PLANTS 

THE NEW YORK CONTINENTAl JEWELL 
FILTRATION COMPANY 

111 Monroe Street, CHICAGO IS Broad Street, NEW YORK 

ORIGINATORS OF MECHANICAL FILTRATION 
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WATER 



FILTRATION PLANTS (Pressure or Gravity) 

SOFTENING PLANTS (Continuous or Intermittent) 
STERILIZING PLANTS (Caldum Hypochlorite) 
IRON REMOVAL PLANTS (For weU Waters) 



We design and contract (or the installation of Filtration, Water 
Softening* Sterilizing and Iron Removal Plants. If you have any 
water troubles we solicit the privilege of investigating same and 

suggesting a remedy. 

All plants are specially designed to meet the condition and 
requirements of the case« 

We supply mechanical equipment such as Operating Tables, 
Rate Controllers, Loss of Head Gauges; Chemical Feed Appar- 
atus, Strainer or Manifold Systems and anything in^he way of 

Special Filtering Apparatus. 



American Water Softener Company 

1011 Cbestnut Street, Philadelpbia 

We have no affiliation or working agreement wifli any ef 

our competitors 
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''Goodrich Guaranteed"^ 

PUMP VALVES, HOSE AND PACKING 

FOR WATERWORKS SERVICE 
Or 
Ft 

1 
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A.D.COOK 

UWRENCEBURG, INOIAMA 

Manufacturer of 
Steam, Belt and 
Motor Driven Deep 
Well Pumps and 
Cook's Patent Brass 
Tube Well Strainer. 



Catalog 
Mailed 

on 
Request 
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BECKER'S SONS ROTTERDAM 
STANDARD ANALYTICAL BALANCE 

Which carries our unqualified recommeudatiou. 
Capacity 200 grams in each pan sensitive to 1-20 
milligrams. Full particulars on application. 

WE CURRY A COKPLETi STOCK OF flU APPARATUS 

AND CHEMICALS NEEDED FOR WATER WORK AND 

FOR OTHER CHEMICAL AND 

BACTERIOLOGICAL LABORATORIES 

Our complete catalogue furnished on request. 

E. H. SARGENT & CO. 

Importers, Makers and Dealers in Ghemicale and 
Chemical Apparatus of High Grade only. 

125-127 W. Lake Sf. CHICAGO 
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Do your records fail to show 
definite locations of water 
mains and services? 



IPSO 



Do not waste money in 
guess work and unnecessary 
excavations. 



THE GROVE ELECTRIC INDICATOR 

AN INSTRUMENT MADE FOR A WATER DEPARTMENT 

BY A WATER DEPARTMENT EMPLOYE, FOR 

LOCATING LOST MAINS AND SERVICES 

WILL END ALL YOUR TROUBLES IN A FEW MINUTES 

THE GROVE ELECTRIC INDICATOR CO. 



125 13TH STREET, N. E. 

1)0 not confuse this instrument 
with others. It works entirely 
different. 



WASHINGTON, D. G. 

Positively locates lost pipes 
without fail. 



Superior 
Chemical Company 



JOLIET, ILLINOIS 



Manufacturers of 



FILTER ALUM 
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1 1 2 WEST ADAMS STREET 

Chicago, 111. 



o 




Sulphate of Alumina 

(Filter Alum) 




Highest Qyality 



Lowest Prices 
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Cbemically Pure Hydrated lime 

We are supplying Chemically Pure Hydrate for water treatment, from 
the Gulf to Canadrf, from Connecticut to Colorado, to Municipalities, to 
Manufacturing Concerns and to Railroads, including a dozen Trunk Lines. 
The more discriminating the trade, the better they are pleased with it. 

Water treatment is no hap-hazard operation, but a fine, close process 
demanding proper equipment, pure reagents and painstaking care.- 

You wouldn't use crude oil to lubricate your Corliss engine. Then why 
use crude lime in your Water Softening Plants? 

The use of Chemically Pure Hydrate means maximum eflficiency at 
reasonable cost, which is real economy. 

Marblehead Lime Company 

CHICAGO KANSAS CITY 



Sulphate of Alumina 

For Water Purification 






The Jarecki Chemical Co, 

Manufacturers 

Cincinnati, O. 
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There's a Close Association Between 
Your Program and that of 

Engineering News 

The Engineering side of your subject is thoroughly and regularly 

covered in the paper. 

It is a 32 weeks convention where the best engineers of this 

country and Europe contribute at their best. 

It is a world-famous paper and it reached that standard because 

its pages command the attention, interest and respect of the entire 

civil engineering profession. 

2000 pages of this vitally valuable matter, ample and authentic 

illustrations, market reports of engineering materials — this and 

much more for the subscription price of $3 .'00 a yeaf. 

It is an INVEISTMENT— not an expense. 

SAMPLE COPY SENT ON REQUEST 

KNGINESRING NEWS 

505 PEARI. ST. NKVIT YORK 



The Design and Construction 
of Water Works Systems 

AND NOVEL FEATURES IN THEIR MANAGEMENT 

Receive Carefal Attention in the 

Engineering Record 

It also treats of Dams, Reservoirs, Aqueducts, Pumping Stations, 

Pipe Systems, Water Towers, Water Purification, Water iSoften- 

ing etc. It is a valuable weekly record of current progress in 

water works engineering and in all other branches of 

civil engineering 

ENGINEERING RECORD 

239 West 39tt Street, New York 

Published Weekly— $3.00 a Year 1570 Old Colony Blt'g. 

Sample copy free CHICAGO 
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WESTERN ENGINEERING 



420 Market St. 



Published Monthly at 



San Francisco 



Ooverins; the field of Electrical, Civil and Mechanical En^neering 
as applied to the solution of the ENGINEERING PROBLEMS 
entering into the development of the Natural Resources of WEST- 
ERN NORTH AMERICA. 



SUBSCRIPTION PRICE 

United States and Possessions and Mexico 
Other Countries .----- 

Sample on request 



$3,00 per year 



4.00 



I* »• 



WESTERN ENGINEERING PUBLISHING CO. 

420 MARKET STREET, SAN FRANCISCO, CALIFORNIA 



Municipal Journal' 

Covers Water Supply thoroughly. 
.m/^ Publishes Waterworks Statistics in 
^^ Splendid Special Number each year. 
Keeps its readers posted regarding 
purification, results from metering and 
all progress in everything connected 
with Water Supply. 

Write for sample copy. 



I 



FREE SERVICE 

When you are in need of information regarding operation, or mach- 
inery and supplies, write the Information Bureau. 

MUNICIPAL JOURNAL 

The Only Weefely \n x\^ Line 
50 UNION SQUARE NEW YORK 
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For Authoritive Information on 
Metal Mining and MetaUurgy 

For MORE of it than can be found elsewhere; 
for BETTER than can be found elsewhere; for 
information that keeps^ a man posted and abreast 
of the times, subscribe to 



The Engineering and Mining Journal 

505 PEARL STREET, NEW YORK 

Published IVeekly $5.00 & Yea^r in the United States Sample Copy Free 



$U500 Saved 
Through an 
Investment of $3. 

A subscriber wrote us recently that he had effected a 
direct saving of $ 1 ,300 through information he obtain- 
ed in The Elngineering Magazine. 

Write for circular telling who and how. 

Elxact descriptions of successful operations — not theories, 
but working plans available for your use are appearing 
in current numbers of The Engineering Magazine. 

To fully describe this remarkable series of articles here, 
is^ impossible— so in order that you may judge for 
yourself, we wiU send you a F R E E sample copy. 

THE ENGINEERING MAGAZINE 

140-142 Nassau Street, New York, N.Y. 



r 
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Preventive Medicine and Hygiene 

By MaTON J. ROSENAU, M. D. 
Professor of Preventive Medicine and Hy0ene, Harvard University 

Dr. Rosenau's book is the first published in the English language 
to cover the broad field of hygiene and sanitation in its relation to 
preventive medicine. For twenty-three years Dr. Rosenau has 
been active in public health work both in this country and abroad, 
and his world-wide experience accentuates his fitness to write 
this book which can be accepted as the authority on the sub- 
ject. Every water supply man will find Dr. Rosenau*s volume 
of inestimable value. 

. 1074 Pages with 157 illustrations in the text. Cloth $6.00 net. 

D. Appleton and Company 

35 W. 32nd Street New York 



Samuel l. Moore 6 Sons Corporation 



Crude Oil Engines 
for pumping stations 



M. D. MILLER 

Chicago Representative 
537 South Dearborn St Chicago, Illinois 
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The Canadian Engineer 



(published weekly) 



Read by city and town engineers, waterworks official 
medical health officers, and others interested in the subject 
of water supply and purification, sewerage and sewage 
disposal in all parts of Canada. 

For reaching these classes manufacturers would do well to 
consider it as an advertising medium. Circulates all over 
Canada :-: :-: . :-: :-: $3.00 a Year 



SEND FOR RATES AND SPECIMEN 

THE CANADIAN ENGINEER 

62 Church Street, Toronto Also Montreal and Whinipeg 



PUBLICATIONS OF THE ILLINOIS STATE WATER SURVEY. 

No. I. Chemical Survey of the Waters of Illinois. Preliminary Report. 
98 pp., 3 pi., I ipap. 1897. (Out of print). 

No. 2. Chemical Survey of the Waters of Illinois. Report for the years 
1897-1903. XVI+254 pp., 44 pi. 1904. (Out of print.) 

No. 3. Chemical and Biological Survey of the Waters of Illinois. Report 
for the year ending August 31, 1906. 30 pp., 5 cuts. 1906. 

No. 4. Mineral Content of Illinois Waters. VIII+192 pp. 1908. 

No. 5. Municipal Water Supplies of Illinois. VIII+123 pp. Map. 1907. 
■ (Out of print). 

No. 6. Chemical and Biological Survey of the Waters of Illinois. Re- 
port, September i, 1906, to December 31, 1907. 88 pp., 3 cuts, 
9 pi. 1908. (Out of print). 

No. 7. Chemical and Biological Survey of the Waters of Illinois. Report 
for 1908. 204 pp., 4 cuts. 1909. (Out of print). 

No. 8. Chemical and Biological Survey of the Waters of Illinois. Re- 
port for 1909 and 1910. 150 pp. 191 1. Price 75 cents, cloth 
90 cents. 

No. 9. Chemical and Biological Survey of the Waters of Illinois. Re- 
port for 191 1. 171 pp., 20 cuts. 1913. Price 85 cents, cloth one 
dollar. 

No. ID, Chemical and Biological Survey of the Waters of Illinois. Report 
for 1912. (In press). 



Note — For copies of these reports or information address. Director, State Water 
Stirvey, University of Illinois, Urbana, Illinois. 
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Worthing'ton Meters 



The IVorthington Turbine Meter 

is designed primarily to handle large volumes of water 

with minimum loss of preeaure. 

Full descriptions of different types of Worthington Metprs, vrilhtablea i 

Bises and capacities, are given in Bulletin W184-64. 

Henry R.. WortHin^ton 

Works: H&rrison, N.J. New York OHice: US Broadway 

Sr*BCb OIBca* 
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